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A study on the higher fungi in the Lim Chu Kang mangrove swamp in Singapore 
was conducted with the objectives of (i) studying the succession of higher marine 
fungi colonizing wood in the mangrove habitat; and (ii) investigating the effects of 
pre-inoculation of wood substrata (with known fungi) on subsequent colonization by 
other fungi in situ. 
 
The experimental approach used was by submersion of wood baits, and retrieving 
them after a period of 12 or 24 weeks. The retrieved wood baits were incubated in 
the laboratory and the fungal growth and sporulation were systematically observed 
under a stereozoom microscope. 
 
A preliminary study was first conducted using balsa wood pre-inoculated with 
Verruculina enalia and subjected to 12-week submersion at the mangrove site. This 
was followed by a study on the effects of pre-inoculation of Rhizophora apiculata 
and Sonneratia caseolaris wood with Aniptodera chesapeakensis, Lignicola laevis 
and V. enalia on the subsequent colonization of other fungi in situ for 24-week 
submersion period.  
 
vi 
In this study, it was noted that pre-inoculation of R. apiculata, S. caseolaris and 
balsa wood with V. enalia adversely affected the subsequent colonization of other 
fungi in situ. Although this was apparently the case for mangrove wood 
pre-inoculated with A. chesapeakensis and L. laevis as well (generally poorer fungal 
diversity as compared to the un-inoculated wood), the effects were not as 
pronounced as that of V. enalia. It was also noted that different wood substrata 
influenced the fungal species recorded.      
 
From this study, it was concluded that the presence of pre-inoculated fungal species 
interacted with the native fungi colonizing the substrata. In the case of V. enalia, 
interference competition probably occurred, thus adversely affected the colonization 
of other fungi. It was also concluded in this study that the un-inoculated balsa wood 
(which yielded comparable fungal species to that of mangrove wood) could be a 
viable alternative to natural wood species in future baiting experiments.  
 
Further investigations of fungal flora recorded on cut and bark surfaces of R. 
apiculata and S. caseolaris wood, and growth of A. chesapeakensis, L. laevis and 
Aigialus parvus were also conducted to determine the influence of wood surfaces on 
the colonization of higher marine fungi.  
vii 
From the investigation of the fungal flora recorded on different wood surfaces, it was 
noted that the fungal species and extent of fungal colonization were greater on the 
cut surfaces than on the bark surfaces of both wood. The laboratory-based growth 
study of A. chesapeakensis, L. laevis and A. parvus showed that A. chesapeakensis 
and L. laevis were sensitive to the presence of bark material which lowered the 
growth as compared to those on media with or without enrichment of wood material 
of R. apiculata and S. caseolaris wood.  
 
This investigation showed that fungi may preferentially colonize different surfaces 
of the same wood in situ. The chemical factor presented by the bark material was 
probably at play in preventing the growth and colonization of fungi on the bark 
surfaces in situ.  
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Marine fungi are a heterogenous assemblage of fungi that are able to grow and 
sporulate in a marine or estuarine environment (Kohlmeyer, 1974). The types of 
substrata marine fungi can colonize are diverse. These include substrata like wood, 
algae, leaf, sand and mangrove. Of these, the mangrove-inhabiting (manglicolous) 
fungi have received special attention in this region, and the knowledge of these fungi 
has rapidly built up over the last two decades (Jones, 2000).  
 
Although knowledge of marine mycology is quite extensive, numerous gaps remain. 
One such gap is that of fungal interaction between manglicolous fungi, which is 
often limited to interpretations from laboratory studies. For instance, Tan et al. 
(1995) showed that the presence of Verruculina enalia on wood substrata adversely 
affected the extent of growth of Aigialus parvus and Lignicola laevis in a mixed 
culture under laboratory conditions, but the exent of such interaction on wood 
substrata in situ is unknown.  
 
More recently, Panebianco et al. (2002) demonstrated an interesting way to study 
fungal interaction in situ. They investigated the effects of pre-inoculation of balsa 
test-blocks with selected marine fungi (Ceriosaporopsis halima, Corollospora 
2 
maritima, Halosphaeriopsis mediosetigera and Marinospora calyptrata) on its 
colonization by other fungi upon subsequent submersion of the test blocks in the sea. 
In their study, they showed that the fungi pre-inoculated on the test blocks adversely 
affected the native fungi from colonizing and sporulating on the test blocks, as the 
pre-inoculated species were the only ones found sporulating. This approach of 
utilizing wooden baits were pre-inoculated with a selected fungus provided a good 
method to study fungal interaction in situ. It is also noted that till date, no such 
studies involving pre-inoculation of wooden baits and exposing them to fungal 
colonization have been carried out in the tropics.  
 
With natural mangrove forests fringing the north, north-east and west coast of the 
main island, Singapore offers ample opportunities for the study of manglicolous 
fungi. Previous in situ studies of manglicolous fungi in Singapore were conducted 
more 15 years ago (Tan et al., 1989; Leong et al., 1991). Subsequent studies and 
reports, such as Tan et al. (1995) were conducted not in situ, but under laboratory 
conditions.  
 
This project was thus undertaken with the following objectives:  
○ to study the succession of higher marine fungi colonizing wood in the mangrove 
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habitat;  
○ to investigate the effects of pre-inoculation of wood substrata (with known 
fungi) on subsequent colonization by other fungi in situ; and 
○ to study the effects of different surfaces (cut and bark surfaces) of the two 
mangrove wood substrata – Rhizophora apiculata and Sonneratia caseolaris, on 
the in situ colonization by higher marine fungi. 
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2. LITERATURE REVIEW 
2.1 Definition of Marine Fungi 
Various workers have attempted to define a marine fungus (Kohlmeyer, 1974; 
Kohlmeyer and Kohlmeyer, 1979; Jones et al., 1988). Early attempts to define fungi 
as being “marine” were based on the physiological requirement for the growth of 
marine fungi in sea water, or in particular concentrations of sodium chloride (Jones 
and Jennings, 1964; Meyers, 1968; Tubaki, 1969). Tubaki (1969) proposed a 
separation of aquatic fungi into “sea water fungi”, “brackish-sea water fungi”, 
“brackish water fungi” and “fresh-, brackish- and sea water fungi”, based on the 
growth response of fungi to sea water concentrations in laboratory cultures. However, 
Kohlmeyer (1974) felt that such growth responses under laboratory conditions could 
not be safely used to delimit marine fungi in view of some pertinent findings by 
Ritchie (1957, 1959) and Jones et al. (1971). Ritchie (1957) demonstrated that 
certain marine fungi showed variable growth responses depending on the interaction 
of two parameters, namely salinity and temperature. Ritchie (1957, 1959) found that 
certain Phoma sp. and Pestalotia sp. grew faster in high rather than in low 
concentration of salt as long as relatively high temperature was maintained. When 
incubated near the lower end of their temperature range, it grew fastest in a less 
saline medium. This phenomenon was called Phoma-pattern after the fungus in 
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which it was first found (Ritchie, 1957). The Phoma-pattern was confirmed later by 
several authors for a number of fungi isolated from the marine environment, such as 
Pestalotia sp. and Phoma sp. (Ritchie, 1957, 1959); Curvularia sp. (Ritchie, 1959); 
Lignicola laevis (Hughes, 1960; Lorenz and Molitoris, 1992); Robillardia 
rhizophorae (Lee and Baker, 1972); Zalerion maritima (Molina and Hughes, 1982); 
Aureobasidium pullulans (Torzilli et al., 1985; Torzilli, 1997); and Nia vibrissa, 
Asteromyces cruciatus, Dendryphiella salina (Lorenz and Moritoris, 1992).  
Physiological work on the growth of marine, freshwater and terrestrial fungi by 
Jones et al. (1971) also showed that they were able to tolerate a wide range of 
salinity and that there was no definite salinity tolerance range to define an organism 
as marine. If marine fungi were to be defined on a physiological basis, a better 
parameter would be the ability of the fungus to germinate and form mycelium under 
natural marine conditions (Kohlmeyer and Kohlmeyer 1979).  
 
Meyers (1968) proposed the use of other criteria besides physiology, such as 
morphology and ecology to delimit marine fungi. Some workers noted that marine 
fungi were distinctively different from their terrestrial and freshwater counterparts in 
taxonomy, morphology and adaptation to an aquatic habitat (Barghoorn and Linder, 
1944; Kohlmeyer and Kohlmeyer, 1979). Although the term “marine” is used to 
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encompass all fungi that occur in the sea, these fungi are often differentiated more 
specifically into marine, oceanic, manglicolous (mangrove), arenicolous or estuarine, 
based on the specific habitats in which they were collected. Mangrove fungi, for 
example, can be quite distinct from those occurring in oceanic and coastal waters. 
Antennospora quadricornuta, Arenariomyces spp. and Corollospora spp. and 
Torpedospora radiata are typically fungi of oceanic and coastal waters, while 
Hypoxylon oceanicum, Kallichroma tethys and Leptosphaeria australiensis are 
generally found on mangrove substrata (Jones and Hyde, 1990). Some fungi like 
Lignicola laevis and Periconia prolifica, however were recorded from both 
mangrove and oceanic habitats (Jones, 2000).  
 
Marine fungi occurring in specific habitats may be morphologically adapted to their 
respective habitats. Oceanic fungi, like those in the Order Halosphaeriales, grow 
under submerged conditions and generally have asci that deliquesce early and release 
their ascospores passively (Fazzani and Jones, 1977). These fungi also possess 
ascospores with elaborate appendages, which aid in floatation, impaction and 
increase the surface area for entrapment and attachment to suitable substrata (Rees 
and Jones, 1984; Jones, 1993). Mangrove fungi that grow in intertidal conditions, on 
the other hand, possess ascospores with mucilaginous sheaths, lack elaborate 
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appendages and are actively discharged (Hyde, 1990a, b; Read et al., 1992; Read et 
al., 1994; Au et al., 1999). 
 
However, there are difficulties involved in defining marine fungi based on their 
morphological characteristics. Modified spores, with either appendages or 
mucilaginous sheaths, are not exclusive to marine fungi. They have also been 
reported in terrestrial fungi (Kohlmeyer and Kohlmeyer, 1979). At the same time, 
not all marine fungi have such spore modifications, as exemplified by many marine 
Deuteromycetes (Kohlmeyer and Kohlmeyer, 1979).  
 
Today, the generally accepted definition is that of Kohlmeyer and Kohlmeyer (1964) 
and Kohlmeyer (1974) which defines marine fungi on an ecological basis. On this 
basis, two groups of marine fungi are recognized: obligate marine fungi, which grow 
and sporulate exclusively in a marine or estuarine environment; and facultative 
marine fungi, which originate from freshwater or terrestrial areas and yet able to 
grow in the marine environment. 
 
The difficulties encountered in attempting to define a marine fungus are caused, to a 
great extent, by the methods employed in the collection of these organisms. In many 
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instances, it is difficult to ascertain the origin of the fungi isolated. The general 
consensus among marine mycologists is that the mere isolation of a fungus from 
marine samples does not mean that it is indeed marine (Kohlmeyer, 1974). It is 
emphasized that single recoveries of fungi must be checked carefully to establish 
that their presence in the sea is not due to chance. According to Meyers (1971), the 
abundance and regularity of occurrence of a fungus is of paramount importance in 
determining whether it is truly marine whereas Kohlmeyer and Kohlmeyer (1979) 
felt that the so-called “marine” fungi must be found in an active growing state in the 
marine habitat.  
 
2.2 Collecting Techniques 
Detailed descriptions of some methods widely used in marine mycology are 
provided by Jones (1971) and Kohlmeyer and Kohlmeyer (1979).  
 
Kohlmeyer and Kohlmeyer (1979) broadly categorized collecting techniques into 
two main groups – direct and indirect examination methods. Direct observations 
involve microscope examination of the materials upon collection. This method 
usually applies to the collection of higher marine fungi that form sporulating mycelia 
and fruiting bodies, which are visible under the dissecting microscope. The lower 
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fungi or the Phycomycetes with their small spore size are rarely isolated by this 
method except for Riemann and Schrage (1983) who managed to isolate some 
thraustochytrids by direct observations. The direct observations method is widely 
used in the study of fungi from algae, plant remains, sea foam, driftwood, wooden 
poles and submerged wood panels.  
 
Indirect or incubation methods, on the other hand, can be applied to the isolation of 
higher and lower fungi and these include baiting, cultivation and plating techniques. 
 
Baiting is a common technique used in the isolation of the lower fungi from the 
marine environment. A variety of baits have been suggested for use in this technique. 
This includes pine pollen grains (Ulken, 1984), hemp seeds, corn and wheat grains, 
discs of mangrove leaves and small portions of fish gill tissues (Jones 1985) and 
cores from the stalk of banana combs (Fell et al., 1960). 
 
In contrast, baits used in the collection of the higher marine fungi have been limited 
to a few types of substrata. These are mainly wood, leaves and seedlings of higher 
plants. Meyers (1953) first described a method of submerging wood panels arranged 
in a sandwich-like fashion on a nylon cord, separated from each other by brass 
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washers. Subsequently, this method was variously modified by other workers 
(Schaumann, 1968; Jones, 1971). Over the last twenty years, baiting is popularly 
done by trapping fungi with submerged wood panels (Leong, 1987; Tan et al., 1989; 
Tan and Leong, 1990; Leong et al., 1991; Alias and Jones, 2000; Poonyth et al., 
2001). Leong (1987) suggested that using wooden panels of known species, and 
submerging them for a known period of time, is advantageous to effectively study 
the sequence of fungal infestation on different types of substrata.  
 
Upon recovery of the baits, the samples are often observed directly under the 
dissecting microscope and then treated in a variety of ways. Some workers (Meyers 
and Reynolds, 1958; Jones, 1968) stressed on the importance of incubation 
following an initial direct examination of the baits. It has been observed that some 
wood panels, with little or no apparent fungal growth upon recovery, showed 
considerable fungal growth during incubation. Hence a subsequent period of 
incubation is essential to obtaining more information on the fungi growing on 
retrieved baits. 
 
Although submerged wood panels are popular and successfully used for collecting 
higher marine fungi, other researchers had used a variety of baits. Manila hemp rope 
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had been widely used by some workers. Barghoorn and Linder (1944) first utilized 
untreated manila cordage as baits and this method was subsequently adopted by 
Meyers and Reynolds (1963) and Meyers (1968) in their studies on the cellulolytic 
activities of higher marine fungi, 
 
Litter-bag experiments have also been used in some studies on fungi occurring on 
leaves and seedlings in the marine environment. This involved submerging 
previously sterilized substrata packed in nylon mesh bags (Anastasiou and 
Churchland, 1969; Churchland and McClaren, 1973; Fell and Master, 1973; Gessner 
and Goos, 1973; Newell, 1973, 1976; Gacutan and Uyenco, 1983). 
 
Another widely used indirect examination method is the incubation method where 
substrata found in the natural marine habitat are incubated in moist chambers. 
Alternatively, these various substrata can be incubated in sterile sea water 
(Kohlmeyer and Kohlmeyer, 1979). Mycelia and fruiting bodies developing on these 
substrata can be subsequently used for isolation of the fungi. However, Prasannarai 
and Sridnar (1997) have shown that 70% of the fungi produced fruit bodies upon 
incubation for six months, while others appeared after 12 to 18 months of incubation 
(Corollospora sp., Dactylospora haliotrepha). Hyde (1992) has also shown the effect 
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of incubation at varying times. Based on these observations, Hyde and Jones (1989) 
and Jones (2000) warned that incubation of wood in the laboratory will favour the 
presence of certain fungi, particularly the mitosporic fungi, and may not reflect the 
situation in nature.  
 
Another approach, used in conjunction with direct examination was reported by 
Meyers (1971). In this method, fungal growth on and in the submerged panels was 
analysed as well. Wood discs were cut aseptically from the inner and outer surfaces 
of the split panel and transferred to an appropriate culture medium. The fungi which 
grew in the culture medium were subsequently identified. A simpler 
semi-quantitative method for establishing the extent of fungal attack involved the 
examination of thin sections of the submerged wood panels that had been 
appropriately stained (Meyers, 1971).  
 
Miller et al. (1985) and Newell (2001) have also proposed the estimation of 
ergosterol in submerged wood as an indicator of marine fungal biomass within plant 
samples. The utilisation of ergosterol is based on the principle that only Ascomycetes 
have ergosterol as the primary membrane sterol, and no plants serving as fungal 
substrates synthesize ergosterol (Newell, 1992). Thus, ergosterol serves as an 
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effective biochemical marker for fungal presence in decaying plant material. 
However, this method only gives a quantitative estimation, and does not describe 
what species is present on each plant substratum.  
 
Other methods of collecting fungi include the plating techniques (Jones, 1985), 
centrifugation (Fuller and Poyton, 1964) and filtration (Miller, 1967) methods. 
However, these methods are more suitable for the isolation of lower marine fungi 
and marine yeasts.  
 
The method (s) to use for any study would depend very much on the group of fungi 
under study. The direct observation method tends to yield a larger number of higher 
marine fungi which develop fruiting bodies and sporulating mycelia visible under 
the dissecting microscope. Plating techniques on the other hand, favour growth of 
the lower marine fungi and some Hyphomycetes. 
 
The methods employed in collecting and isolating marine fungi can also indicate if 
they are marine species. Kohlmeyer and Kohlmeyer (1979) strongly recommend a 
direct observation approach to the study of marine fungi since incubation methods 
allow growth of fungi that are non-marine in origin. 
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Initial studies on marine fungi have been largely concerned with the descriptions of 
new species, their distribution range as well as new host records. Most papers 
contain little or no quantitative data. As research in marine fungi developed further, 
it became increasingly important to have some idea on the extent of fungal 
infestation, or the relative abundance of each fungal species. For the last two decades, 
various workers have begun to include such quantitative data in their reports (Zainal 
and Jones, 1984; Grasso et al., 1985; Hyde, 1986; Vrijmoed et al., 1986a, b; Jones 
and Tan, 1987; Alias et al., 1995; Sarma and Hyde, 2001). Some of the indices 
suggested by these various authors are reviewed below. 
 
1) Percentage infestation of a given collection. This is expressed as  
Number of samples supporting fungi 
Total number of samples examined 
X 100 
 
Percentage infestation indicates the proportion of the samples collected that is 
colonized by marine fungi. This index has been used by Koch (1986) and Jones and 
Tan (1987).  
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2) Frequency of occurrence of fungal species. This is calculated from  
Number of collections of fungus 
Total number of samples examined 
X 100 
 
Hyde (1989) made a quantitative ecological study of fungi on the mangroves of 
Brunei and classified the fungi as “most common” (occurring in 10% or above of 
samples examined) and “frequent” (occurring in less than 10% of samples). Leong et 
al. (1991) used the following frequency groupings: very frequent (>20%), frequent 
(10 – 20%), and infrequent (<10%).  
 
Hyde (1986) also suggested that the percentage occurrence of fungal species is 
indicative of their relative success in the natural environment. While several workers 
have included this index in their reports (Rees et al., 1979; Vrijmoed et al., 1982a, b, 
1986a, b; Farrant et al., 1985; Rees and Jones, 1985; Hyde, 1986; Hyde and Jones, 
1988, 1989; Alias et al., 1995), a few authors have merely reported on the number of 
collections of each fungus (Koch, 1982, 1986; Jones, 1985; Zainal and Jones, 1984, 
1986; Jones and Tan, 1987).  
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3) Percentage abundance of fungal species. This index, given by: 
Number of collection of a particular fungus 
Total number of collections of all fungal species 
X 100 
 
was suggested by Vrijmoed et al. (1986a, b) and used in their study on the 
occurrence of marine fungi in Hong Kong. 
 
4) Number of fungal colonies per wood block. This index requires the careful 
plotting of the growth patterns of fungi on each wood sample on a recording sheet 
and in addition, the growth boundary of each sporulating species need to be 
distinguished and mapped out. Vrijmoed et al. (1986a) suggested this index in an 
attempt to describe the occurrence of fungi on each wood block. However, the 
workers found it rather difficult to delineate each fungal colony on the wood blocks 
because overlapping mycelial growth often occurred. Although this index cannot be 
regarded as a finite measure of propagule abundance in the natural environment, it 




5) Average number of fungi per sample. This index was proposed by Vrijmoed et al. 
(1986a, b) and Jones and Tan (1987). It was computed from 
 
Total number of collections of all fungal species 
Total number of species examined 
 
and it gives a general idea as to the abundance of fungi on each individual sample of 
wood. 
 
6) Percentage similarities of species composition between sites based on binary data 
(presence or absence). Cluster analysis can be computed using Jaccard and Sorensen 













a = number of species occurring in ‘a’ alone 
b = number of species occurring in ‘b’ alone 
c = number of co-occurrence species. 
 
Sarma and Hyde (2001) have also proposed the usage of various ecological indices, 
such as the Shannon-Weaver index and Simpson index (Magurran, 1988). These 
indices have been used to measure the community diversity and its relation to 
community properties such as productivity and stability or to the environmental 
conditions at different seasons to which the community is exposed (Atlas, 1984). 
These indices have been applied to study various communities such as bacteria 
(Griffith and Lovitt, 1980; Bianchi and Bianchi, 1982), phytoplankton (Lakkis and 
Novel-Lakkis, 1981) and seaweeds (Lapointe et al., 1981).  
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2.3 Significance of Marine Fungi 
In the natural marine environment, marine fungi are able to colonize a range of 
substrata and according to their biological activity, they can be classified as parasites, 
symbionts, commensals and saprobes. Over the past few decades, the increasing 
attention directed to research on this group of micro-organisms has led to a better 
understanding of their ecological and economic roles in the sea. 
 
Fungi are major decomposers of woody substrata in marine ecosystems. Their 
importance lies in the ability to degrade lignocellulose. The majority of higher 
marine fungi have been identified from substrata containing lignocellulose, and 
therefore it is not surprising that several genera have been implicated in wood decay 
activity within marine and estuarine environments (Schmidt and Shearer, 2004). 
Although marine borers are recognized as particularly aggressive wood degraders in 
marine environments, they are unable to tolerate the reduced oxygen tensions found 
in sediments (Blanchette et al., 1990). Many marine fungi are capable of tolerating 
low oxygen tensions and may be the dominant agent of lignocellulose turnover in 
marine sediments, since marine lignocellulose bacteria are not aggressive degraders 
of this substratum (Singh et al., 1990). This is of particular importance when 
considering the vast biomass represented by lignocellulose in the form of mangrove 
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and other plant materials in areas with high sediment loading. Fungi are also 
extremely important decomposers of wood in the upper intertidal region where 
marine borers are unable to survive (Sarma and Hyde, 2001). 
 
Despite the high incidence of fungi occurring on lignocellulose in marine 
environments, evidence for their ability to degrade this substratum is limited. 
Morphological decay features suggesting soft rot and white rot decay have been 
observed in wood samples colonized by marine fungi (Eaton, 1976; Leightley and 
Eaton, 1979; Leightley, 1980; Jones, 1982; Mouzouras, 1989).  
 
Besides wood, marine fungi are also capable of degrading other cellulosic substrata 
in the natural environment. Manila ropes submerged in the sea are subject to fungal 
attacks. The first evidence of this was provided by Barghoorn and Linder (1944) who 
noted a decline in the tensile strength of manila ropes following fungal infestation. 
Meyers and Reynolds (1963) observed that fungal attack on manila cordage was 
rapid, with fungi appearing only after 5 days of submersion in the sea. Chemically 
treated cellulosic materials such as cotton filters were also decomposed by marine 
fungi (Meyers, 1968) while another study indicated the ability of some marine fungi 
to degrade chitin and keratin (Kohlmeyer, 1972). 
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From existing studies, it seems likely that several species may be cellulolytic, with 
some also capable of lignin degradation. These marine fungi are probably soft rot 
and white rot degraders of wood, and participate in the turnover of an abundant 
biopolymer. Hyde et al. (1998) suggested that ‘examining the physiology of 
lignocellulolytic marine fungi may reveal strains with novel commercial uses since 
ligninolytic and xylanolytic terrestrial fungi have a variety of potential 
biotechnological applications in biobleaching, biopulping and bioremediation 
technologies.’ 
 
Marine fungi are able to utilize a wide range of wood substrata in the sea because of 
their ability to produce the enzymes necessary for breaking down lignin and 
cellulose. Cellulolytic activity of lignicolous marine fungi is well documented in a 
number of Ascomycetes and Deuteromycetes (Meyers and Reynolds, 1959a, b, 
1960; Meyers and Scott, 1968). Leightley and Eaton (1979) have also shown the 
production of cellulase, xylanase and mannose in two species of marine 
Basidiomycetes, and cellulolytic activity of mangrove mud fungi was investigated 
by Rai and Chowdhery (1976). 
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Several fungal strains warrant mention for their ability to utilize cellulose rapidly: 
Corollospora maritima and Monodictys pelagica (Rohrmann and Molitoris, 1992); 
and Jullela avicenniae, Lignicola laevis, Nia vibrissa and Stagonospora sp. (Pointing 
et al., 1998). Sutherland et al. (1982) have also showed that Monodictys pelagica 
and Nia vibrissa were able to utilize cellulose growth substrates to CO2. 
 
2.4  Work done on Marine Fungi in Different Parts of the World 
While fungi have been reported from mangrove as early as the 1920s (Stevens, 
1920), the study of mangrove inhabiting fungi began in earnest with the work of 
Cribb and Cribb in the 1950s in Australia (Cribb and Cribb, 1955; 1956). Since then, 
interests in mangrove fungi have increased dramatically, and studies of the mangrove 
mycota have taken place worldwide. Most of the early information on mangrove 
fungi came mainly from the western coasts and adjacent islands of Atlantic Ocean 
(Kohlmeyer, 1966, 1968a, b, 1969, 1980; Kohlmeyer and Kohlmeyer, 1965, 1971, 
1977, 1979). The areas of study have since extended to Sierra Leone (Aleem, 1980), 
India (Patil and Borse, 1983; Borse, 1987), Belize (Kohlmeyer, 1984; Kohlmeyer 
and Volkmann-Kohlmeyer, 1987) and the Seychelles (Hyde, 1986; Hyde and Jones, 
1988, 1989). For the past two decades, mangrove forests of Austral-Asia, 
particularly the Pacific Coast have received much attention from mycologists (Hyde, 
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1988; Leong et al., 1988; Tan and Leong, 1990; Vrijmoed, 1990; Vrijmoed et al., 
1994; Alias et al., 1995).  
 
Hyde and Jones (1988) listed 90 species of intertidal mangrove fungi collected from 
26 different tree species. They demonstrated that most of the intertidal mangrove 
fungi found on wood are widespread species occurring in more than one ocean basin.  
 
Jones and Alias (1996) estimated that there were 200 Ascomycetes, 63 mitosporic 
fungi and 5 Basidiomycetes known from the marine reaches of mangroves 
(including species awaiting description). They pointed out that there is little evidence 
for strict host specificity in mangrove fungi as almost all species that have been 
found occur repeatedly on multiple hosts. However, there is evidence for host 
preference – some fungi are more common on certain hosts than others. Thus, 
although mangrove fungi are not narrowly host specific, the hosts present in a 
mangrove forest can play a role in shaping the fungal community found there. They 
agreed with Hyde and Lee (1995) that the richness of marine fungi may be greater in 
the Asian tropics due to higher host diversity, but this is somewhat confounded by 
the fact that more effort has been put into studying Asian tropical marine fungi, than 
marine fungi from other areas.  
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Mangrove forests in many parts of the world have yet to be surveyed for fungi. 
Foremost among these areas is Africa. Although there are some studies reported 
from West Africa (Kohlmeyer, 1968; Aleem, 1980) and the Indian Ocean Coast of 
South Africa (Gorter, 1978; Steinke and Jones, 1993), most of the African continent, 
as well as Madagascar, remains unexamined. New world mangrove forests have 
been surveyed frequently for fungi (Kohlmeyer and Volkmann-Kohlmeyer, 1987; 
Kohlmeyer et al., 1995), but many areas remain unexplored. In particular, little is 
known about South America, Central America south of Belize and the Gulf Coast of 
the United States of America. While mangrove forests of the Austral-Asia region 
have been quite extensively studied, mangrove forests of Burma and Thailand, and 
much of China still need to be studied. Fungal surveys are also lacking for temperate 
mangrove throughout the world.  
 
Marine mycogeography (the study of geographical distribution of marine fungi) is a 
relatively recent field. Pirozynski (1968) reviewed the geographical distribution of 
fungi and discussed the merits and demerits of methods to study fungal distribution. 
Hughes (1974) divided the oceans into five biogeographic temperature – determined 
regions, namely arctic, temperate, subtropical, tropical and Antarctic. Distribution 
maps for selected species were provided by Kohlmeyer (1983, 1987), Hyde and Lee 
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(1995) and Jones and Alias (1997). Schmidt and Shearer (2003) have recently added 
a checklist of mangrove-associated fungi with their geographical distribution and 
known host plants. However, they noted that the knowledge in understanding the 
distribution patterns of mangrove-associated fungi is lacking. While some initial 
work has been done with introduced mangroves (Volkmann-Kohlmeyer and 
Kohlmeyer, 1993), the complete picture, which would only be formed through a 
combination of historical, evolutionary and ecological events, are still to be sought. 
 
While literature on the higher marine fungi in the mangrove habitat has accumulated, 
much less is known of the occurrence of the lower marine fungi. Anastasiou and 
Churchland (1969) reported on the occurrence of the marine species of Phytophthora, 
P. vesicula, on leaves of Arbutus menziesii and Prunus laurocerasus submerged in 
brackish and marine sites near Vancouver. Volz and Jerger (1972) in examining 
marine soils and wood and algae collected from mangroves in the Bahamas, found 
species of Thraustochytrium and Schizochytrium. These fungi were also observed to 
be involved in the breakdown of mangrove leaf materials (Fell and Master, 1973; 
Fell et al., 1975). Fell and Master (1975) later reported several new species of 
Phytophthora and Pythium and indicated their role in the mangrove leaf detrital 
system. 
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2.5 Ecological Studies on Mangrove Fungi  
Most of the early studies on fungi colonizing mangroves were taxonomic and 
confined mainly to cataloguing fungi and describing new taxa collected in a given 
area (Kohlmeyer and Kohlmeyer, 1964 – 1969, 1971, 1977; Kohlmeyer, 1969, 1981; 
Kohlmeyer and Schatz, 1985; Schatz, 1985). Until recently, there have been few 
ecological studies on manglicolous fungi. 
 
Little information is available on the role of mangrove fungi in the degradation of 
organic matter and their patterns of succession in the mangrove ecosystem. This is an 
important area of study since mangrove trees produce large amounts of litter in the 
form of leaves and wood. Early work by Odum and Heald (1975) in a South Florida 
estuary established that detritus production was about 3 metric tons/acre/year from 
mangrove leaf fall alone, while Newell (1973) estimated seedling biomass 
production to be 7.9 metric tons/acre/summer season. These constitute a major 
proportion of the organic materials that drive certain estuarine food chains. 
 
The mangrove detrital system that has been studied in detail is that of Rhizophora 
mangle, commonly known as the Red mangrove, which is found along the coasts of 
America, Africa and the West Indies. Fell and Master (1973, 1975) and Fell et al. 
27 
(1975) carried out intensive studies on the leaf detrital system. From their work, the 
fungal community and the sequences of infestations on mangrove leaves were 
established. In other studies, Newell (1973, 1976) examined the mycoflora 
succession of Red mangrove seedlings, while Lee and Baker (1973) recorded the 
fungi associated with roots of R. mangle.  
 
In the last two decades, a number of succession studies have been conducted, 
predominantly via the utilisation of wooden blocks exposed at mangrove stand for 
varying duration and examined to determine the temporal succession of marine fungi 
(Leong, 1987; Tan et. al., 1989; Hyde, 1991; Leong et. al., 1991; Kohlmeyer et. al., 
1995; Alias and Jones, 2000; Poonyth et. al., 2000). While these studies showed 
differentiation of early- and late-occurring fungal species throughout the period of 
study, the presence of the fungi were based primarily on the sporulating structures of 
these species on the incubated substrata. This may lead to an incorrect picture of 
succession as early-occurring fungi may be present only as mycelium and 
sporulation may be inhibited by the presence of other fungi (Tan et al., 1995). 
Nonetheless, these studies are valuable in that the changes in fungal flora through 
time could be due to fungal interactions. 
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In fungal communities that are extremely species rich, like the tropical mangrove, 
most species are likely to be sparsely distributed (Rabinowitz, 1981). Typically only 
a few fungi will dominate a given area, while the other fungi will be rarely 
encountered (Cooke and Rayner, 1984). In any given community, only a few species 
will exert controlling influence by virtue of size, numbers or activities (Krebs, 1985). 
These dominant species are highly successful ecologically and determine, to a 
considerable extent, the conditions in which associated species will grow (Krebs, 
1985). Sarma and Hyde (2001) called for studies to elucidate if a particular group of 
fungi in a given area is responsible for shaping the fungal community structure of the 
given habitat. 
 
Several authors have attributed interference competition as the main mode of fungal 
interaction/ competition, based on laboratory studies. Although the phenomenon of 
interference competition has been well-studied of fungi in terrestrial habitats (Porter, 
1924; Hulme and Shields, 1970, 1972; Skidmore and Dickinson, 1976; Rayner and 
Todd, 1979; Wicklow, 1981; Lockwood, 1981), only a few studies have been 
conducted for marine fungi. Jensen et al. (1998) documented that a variety of marine 
fungi sequestere metabolites to serve as chemical defences, while Gloer (1995) 
suggested that the sequestere of metabolitics affected the potential competition for 
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marine fungi under laboratory conditions.  
 
Miller et al. (1985) reported that in the temperate waters, the presence of 
Ceriosporopsis halima or Amylocarpus encephaloides decreased the number of 
Lulworthia perithecia in submerged wood panels. This observation led to a number 
of studies to examine interference competition between selected species on marine 
fungi (Miller et al., 1985; Strongman et al., 1987). An index of antagonism was 
developed and in vitro data confirmed the in vivo observations for Lulworthis sp., C. 
halima and A. encephaloides. 
 
This observation of interference competition was tested under field conditions when 
Corollospora maritima was inoculated onto test blocks of balsa and allowed to 
completely colonize them (Panebianco, 1994). They were then exposed in the sea 
and the fungi sporulating on the wood determined at 2, 6, 9 and 15 months. The 
control test blocks were colonized by a number of marine fungi: C. maritima, 
Halosphaeriopsis mediosetigera and C. halima at two months; and C. halima, 
Halosphaeria appendiculata, Lulworthia sp., and Marinospora calyptrata at six 
months. However, C. maritima was the only species to appear on the C. maritima 
inoculated blocks up to six months, suggesting that the fungus was producing 
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metabolites affecting other fungi in the surrounding water (Panebianco, 1994). This 
clearly shows how the rapid colonization of a substratum by a species can markedly 
affect fungal diversity. More recently, Panebianco et. al. (2002) showed that the 
pre-inoculation of H. mediosetigera and C. maritima on balsa wood inhibited the 
colonization or sporulation of native fungi in temperate waters. This method of 
pre-inoculation will be valuable if adapted to determine the role of interference 
competition between mangrove fungi. 
 
In most studies, the estimation of fungal diversity depends on the fungi sporulating 
on the substratum. Tan et al. (1995) grew three marine fungi (Aigialus parvus, L. 
laevis and Verruculina enalia), singly and in mixed culture, on three mangrove test 
blocks, and reported that sporulation was markedly affected when the fungi were 
grown in combination. For instance, sporulation of L. laevis was suppressed by A. 
parvus and/or V. enalia. In contrast, the presence of L. laevis enhanced ascomata 
formation by V. enalia. Ever since these laboratory observations, A. parvus has been 
shown to produce a number of bioactive compounds: hypothemycin (a known 
antibiotic), four macrolides and a ketane acetal (Jones, 2000). Similarly, V. enalia has 
been found to sequester a number of metabolites in laboratory conditions: two 
enalins, a hydroxymethyl furfural and three cyclodipeptides (Lin et al., 2002). These 
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observations indicate that interference competition can affect the enumeration of 
fungal diversity.  
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3 MATERIALS AND METHODS 
3.1 Materials 
3.1.1  Site of Study 
The study was carried out at the Lim Chu Kang mangrove forest, located along the 
Straits of Johore on the Northwestern part of Singapore (1° 26' N and 103° 42' E). 
The Lim Chu Kang mangrove has been disturbed and does not show distinct zones 
of dominant and subdominant plant species, which would otherwise be present in a 
broad belt of undisturbed mangrove. The mangrove vegetation at Lim Chu Kang 
consisted of Bruguiera cyclindrica and B. gymnorhiza as the most common 
mangrove species. On the seaward fringe, a pioneer zone consisting typically of 
Avicennia alba and Sonneratia ovata was evident. Behind this pioneer zone was a 
community of Rhizophora species, predominantly R. apiculata. A mixture of A. 
lanata, A. officinalis, A. rumphiana, Acanthus ilicifolius and Nypa fruticans occupied 
the rear and most inland zone of the mangrove.  
 
The specific site where the submergence study was carried out was located right 
behind the pioneer zone of A. alba and S. ovata. The sediment at the site was muddy, 
with soil made up of fine silt particles. The odour and the colour of the sediments, 
suggested that it had a high hydrogen sulphide content. The muddy sediment was 
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evident that the site was subjected to regular submergence of seawater. This took 
place twice daily, during the cyclical high tide. The semi-diurnal tides were 
characterized by the occurrence of spring and neap tides, with the lowest tide-level at 
0.4m and the highest tide-level at 3.3m.   
 
The physico-chemical parameters of the study site were recorded on each field visit, 
and the averages are as follow: 
Temperature of water: 27.0 ± 1.5
 o
C  
Temperature of air: 30.5 ± 2.5 
o
C 
Salinity of water: 28.0 ± 2.5 ppt 
pH of water: 8.05 ± 0.65 
 
Generally, the physico-chemical parameters measured on each visit did not show 
drastic fluctuation. This was consistent with the tropical climate, which does not 
show marked seasonality.  
 
3.1.2 Wood Substrata Used  
Balsa wood was used as test panels in the 12-week preliminary study. Wood from 
two mangrove trees, namely Rhizophora apiculata Blume and Sonneratia caseolaris 
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(L.) Engler were used as test panels in the 24-week study. Bark fragments and wood 
sawdust of the two mangrove species were also used as substrata for the laboratory 
study on the growth of marine fungi.  
 
3.1.3 Culture Media  
These were prepared according to the formulae given below and sterilized by 
autoclaving at 121
o
C for 20 minutes. 
 (i)  Corn-meal sea water agar (CMA) 
  Corn-meal agar (Oxoid)  17.0 g 
  Sea water   1.0 L 
 
(ii) Sea water agar (SWA) 
  Plain agar (Difco)  12.0 g 
  Sea water   1.0 L 
 
(iii) Half strength corn-meal sea water agar (half-strength CMA) 
  Corn-meal agar (Oxoid)  8.5 g 
  Plain agar (Difco)  6.0 g 
  Sea water   1.0 L 
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(iv) Seawater 
  Commercial sea salt (SERA) 25.0g 
  Distilled water   1.0 L 
Salinity was adjusted to 25.0 ppt with an Atago hand refractometer. The sea water 
was sterilized by autoclaving at 121
o
C for 20 minutes. 
  
3.1.4 Reagents (antibiotics) 
 (i) 0.01% (w/v) Penicillin-G 
  Penicillin-G   0.01 g 
  Sterile distilled water  100 ml 
(ii) 0.01% (w/v) Streptomycin 
Streptomycin sulphate  0.01g 
Sterile distilled water  100 m; 
 
 
3.1.5 Incubation Material 
Plastic boxes used for incubation of wood pieces were prepared by cutting a 5cm 
hole at the center of the detachable cover with a heated cutter, and plugged with 
non-absorbent cotton wool. The cover was then firmly placed on the box and 
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wrapped in aluminium foil. The contents were then sterilized by autoclaving at 121 
o
C for 20 minutes.  
 
3.1.6 Fungal Strains 
V. enalia isolated from the mangrove site was used for pre-inoculation studies on 
various wood substrata. Aigialus parvus (BCC 6195), A. chesapeakensis (BCC 5108) 
and L. laevis obtained from BIOTEC Culture Collection (Thailand) were used in the 
laboratory growth experiment. The A. chesapeakensis and L. laevis isolates were 
also used for pre-inoculation studies of mangrove wood.  
 
3.2 Methods 
3.2.1 Isolation of Fungi 
(i) Random collection of drift wood 
A random collection of drift woods used to isolate commonly occurring fungal 
species at the Lim Chu Kang mangrove was carried out in March 2004. Drift wood 
pieces collected during low-tide were placed in clean polyethane bags and brought 
back to the laboratory to be cleaned under running tap water. These were then 
transferred into a clean basin, which were lined with blotting paper moistened with 
sterile seawater, and covered with a layer of clean polyethane sheet. The drift wood 
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pieces were then incubated at 28 to 30
o
C and direct examination for fruiting bodies 
was done one week after incubation.  
 
Conspicuous Ascomycetous fruit bodies were identified, and four fungi were 
isolated, namely: Aigialus mangrovei, Remicephala sphaerospora, Savoryella 
lignicola and V. enalia.  
 
(ii) Preparation of sea water agar plate 
0.15 ml each of penicillin and streptomycin was pipetted into sterile 9cm 
Petri-dishes and 30ml of molten sterile sea water agar was poured into each. This 
was allowed to set into a thin agar layer and left aside for one to two days before use.  
 
(iii) Single-spore isolation 
A spore suspension was prepared by picking fruit bodies of a fungus observed on the 
incubated drift wood, with a sterile fine forceps and transferring them to a sterile 
glass slide with a drop of sterile sea water. The fruit bodies were crushed using the 
sterile fine forceps to release the spores. The resulting spore suspension was 
examined under the compound microscope to check its identity. The spore 
suspension, diluted by addition of 5ml sterile sea water, was taken up in a sterile 
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Pasteur pipette and single droplets were delivered onto the surface of the 
pre-prepared seawater agar plates. The plates were then incubated at 28
o
C for one to 
two days to allow the spores to germinate. 
 
Germinating spores seen at 40X under a stereozoom microscope were cut out on 
agar squares, with a sterile knife-edged needle, and transferred to a prepared 
seawater CMA. 10 single spore isolates were made from each fungus. The cultures 
arising were checked for purity of the line before subculturing onto slants of 
seawater CMA. Pure cultures of the isolates were maintained on seawater CMA agar 
slants in McCartney bottles. These were periodically subcultured at 2 month 
intervals. 
 
3.2.2 Preparation of Wood Test Blocks 
(i) Balsa wood 
8.0 x 8.0 x 30.0 cm balsa wood blocks purchased from a hobbyist craft shop were 
cut into smaller 1.5 x 1.5 x 8.0 cm. A hole of 0.5 cm diameter was hand-drilled 
through the middle of each block. These drilled blocks were then packed into a 1L 
pyrex beaker and covered with a layer of aluminium foil, before autoclaving at 
121
o
C for 20 minutes. Six sterilised balsa wood blocks were then transferred into a 
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sterile 15 cm Petri dish filled with a thin layer of sterile seawater for inoculation with 
test fungal isolates. Twelve such dishes were prepared for the study. 
 
(ii) Mangrove wood 
R. apiculata and S. caseolaris trunks of 5 – 8 cm diameter were purchased from a 
commercial charcoal-maker in Gelang Patah, Malaysia. The trunk was cut 
transversely into 8 cm length sections. This was done through the assistance of the 
Architecture Workshop, National University of Singapore. Each 8 cm section was 
then split longitudinally into 4 quarters, and each quarter was further halved 
longitudinally, thus yielding 8 wedges, each of 8 cm in length. Each wedge had two 
surfaces free of bark and one circumference surface with intact bark. A hole 1.5 cm 
diameter was drilled through the centre of each wedge, to facilitate stringing of the 
blocks into a ladder. Four to five wedges were packed into plastic boxes (as 
described in 3.1.5), before sterilization by autoclaving at 121 
o
C for 20 minutes. In 
order to ensure complete sterilization of the wood wedges, the autoclaving process 
was repeated (autoclaved twice). 
 
(iii) Sawdust and bark fragments of mangrove wood 
R. apiculata and S. caseolaris blocks were slowly dried in an oven set at 50
o
C for a 
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week, before the bark of each block was removed. The bark was then grounded into 
small fragments in a morta and pestle. The wood was sawn to produce the sawdust 
that was collected. Both the bark fragments and sawdust materials were collected in 
separate 250 ml Pyrex beaker and covered with aluminum foil. The contents were 
then sterilized by autoclaving at 121 
o
C for 20 minutes. 
 
3.2.3 Wood Inoculation 
(i) Sub-culturing of fungi  
Fresh cultures of A. chesapeakensis, L. laevis and V. enalia were prepared by 
inoculating these fungi from the stock agar cultures onto seawater CMA plates. 
Twelve seawater CMA plates were inoculated for each fungal species. The 
inoculated plates were incubated in the dark at 28
o
C for two weeks. Plates with good 
mycelium growth after two weeks were used for the inoculation of balsa wood 
blocks.  
 
(ii)  Inoculation of balsa wood 
1.0 cm diameter mycelial discs were cut from seawater CMA culture plates of the V. 
enalia. The mycelial discs were cut using a sterile cork-borer. The mycelial discs 
was then used to inoculate the sterilized wood blocks by placing two discs on the top 
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surface of each wood block, placed in a Petri dish. Each Petri dish contains six such 
blocks. Six dishes, each containing six inoculated balsa wood blocks were inoculated 
in this manner. Six Petri dishes each containing six un-inoculated sterile balsa wood 
blocks were prepared as controls. The inoculated and control wood blocks were 
incubated at 28 
o
C in the dark for four weeks. This was to allow fungal hyphae on 
the inoculated blocks to grow from the mycelial discs into the blocks. During the 
inoculation period, 15 ml of sterile seawater was pipetted onto the wood blocks on 
every three days, to prevent the wood blocks and mycelial discs from drying out.  
 
After four weeks of incubation, the three sets of wood blocks, each inoculated with V. 
enalia, were examined under a stereozoom dissection microscope, to affirm the 
presence of V. enalia fruit bodies. Blocks showing fruit bodies on its surface present 
were strung up with a length of nylon string. The un-inoculated control wood blocks 
were likewise strung into ladders of six. In all, six replicate ladders were prepared 
for V. enalia inoculated wood blocks and control.   
 
(iii) Inoculation of mangrove wood blocks 
The inoculation method used for the two mangrove wood blocks (R. apiculata and S. 
caseolaris) was similar to that for balsa wood blocks, except that three sets of each 
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inoculated with A. chesapeakensis, L. laevis and V. enalia were prepared. Another 
difference was that four mycelial discs of each fungus was placed on two cut 
surfaces of the mangrove wood, instead of just inoculating one top surface of the 
balsa wood blocks with two mycelial discs. This was to facilitate faster fungal 
growth on the inoculated wood blocks. 
 
For each set of wood and fungal species, eight wood blocks were strung into a ladder 
with 1 m of nylon string after four weeks of incubation. Six ladders were prepared 
for each treatment and control. Different coloured plastic tags were tied to the end of 
each ladder for the different treatments and the control to differentiate them upon 
recovery from site.  
 
3.2.4 Submergence of Inoculated Wood Blocks 
Ladders of wood blocks for each treatment were placed in the study site during 
low-tide, by tying the excess string of each ladder to either prop roots of Rhizophora 
species or lower stems of young mangrove trees. The tied ladders were allowed to 
rest on the muddy sediment. The ladders were tied in a manner to ensure they would 
be thoroughly submerged in water during high tide, and hence ensuring that each 
ladder would undergo the wetting and drying phenomenon in the mangrove. The 
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replicate ladders were tied to trees that were located approximately 5 to 10 m apart. 
 
(i) Balsa test blocks 
In total, 12 ladders were placed at the site: six ladders of control (without fungal 
inoculation) and six ladders of balsa blocks pre-inoculated with V. enalia.  
 
(ii) Mangrove test blocks 
In total, 48 ladders were placed in the field: six ladders of control for R. apiculata 
(without fungal inoculation), six ladders each of R. apiculata pre-inoculated with A. 
chesapeakensis, L. laevis and V. enalia; six ladders of control S. caseolaris and six 
ladders of S. caseolaris, each pre-inoculated with A. chesapeakensis, L. laevis and V. 
enalia.  
 
3.2.5 Recovery of Submerged Wood Blocks 
(i)  Balsa wood test blocks 
One block from each ladder for control and the inoculated wood blocks was removed 
from the field 2 weeks after submersion. The block was removed from one end of 
the ladder, leaving the rest of the blocks intact. The remainder of the ladder was then 
left on the sediment (as described in 3.2.3), and similarly retrieved on a 2-weekly 
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interval. The blocks collected for each treatment were placed in clean polyethane 
bags. They were then brought back to the laboratory and washed gently under 
running tap water to remove any debris or fouling organisms found on the surfaces. 
This was followed by a final rinse with sterile seawater, before the blocks were 
placed in sterile plastic containers, lined with steriled blotting paper wetted with 
sterile seawater. The blocks were incubated at room temperature (25 to 28 
o
C) under 
12 hour light-dark cycle. The blocks in each container were kept moist by pipetting 
15 ml of sterile seawater onto the blotting paper lining every three to five days. The 
wood blocks were observed for the presence of fungi after five days of incubation. 
 
(ii)  Mangrove wood test blocks 
The recovery method used for the two mangrove wood species (R. apiculata 
and S. caseolaris) was similar to that for balsa wood, except that the retrieval 
was done on a 4-weekly interval from time of submersion.  
 
3.2.6 Observations of Fungi on Wood Blocks 
(i)  Balsa test blocks 
The retrieved and incubated wood blocks were observed under stereozoom 
dissecting microscope at 40X magnification with an incident light source. The 
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objective of the microscope was masked on all four sides so that at this 
magnification, the field of view (FOV) showed an area of 5 x 5 mm
2
. Under this 
field of view, the surface was examined for the presence of fungi, based on the 
presence of fruit bodies or asexual sporulating structures. Ascomycetous and 
Basidiomycetous fruit bodies observed were identified and counted. Conidia 
Hyphomycetes were identified, but the asexual conidia were too tiny and too many 
to be counted.  
 
The surfaces of the balsa test blocks were systematically scanned for fungal fruiting 
structures by systematically superimposing the FOV, frame by frame, until the entire 
wood block surface was covered. The number of fungal species and number of fruit 
bodies within each FOV frame were counted. The process was repeated for all 4 cut 
surfaces of each wood block.  
 
For each treatment, the following data were recorded: 
a. Fungal species present 
b. Wood surface colonized by at least one fungal taxon (%) 
Number of FOV with fungus recorded Wood surface 
colonized by at 
least one taxon (%) 
= Total number of FOV examined X 100 
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c. Species colonization of wood surface (%) 
d. Total fruit body count 
e. Fruit body count of Ascomycetous and Basidiomycetous species 
 
These data were recorded for each fortnightly collection over the 12-week study. 
Upon completion of the study, the average number of species for each treatment was 
determined by taking the mean of fungal species recorded over the six fortnightly 
collections. 
 
(ii)  Mangrove test blocks 
Similar types of observations made on the mangrove wood blocks, with the 
exception that only one cut and one bark surface of each mangrove block 
were examined, instead of the four surfaces for each of the balsa block. The 
average number of species for each treatment was determined by taking the 
mean of fungal species recorded over the six 4-weekly collections made over 
the 24-week study. Data for cut and bark surfaces of the each treatment were 
also differentiated for analysis in Chapter 6. 
 
Number of  FOV with presence of species A Species A surface 
colonization (%) 
= 
Total number of FOV examined 
X 100 
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3.2.7 Statistical Analysis 
To compare the similarity of fungal diversity between the different treatments and 
control of each mangrove woods, the Jaccard coefficient (J) and Sorenson coefficient 
(S) were tabulated as follow: 
c 
J = 





2c + a + b 
 
where “a” denotes the number of species that occur only in one treatment (e.g. 
R. apiculata control alone), “b” denotes the number of species occurring only 
in the other treatment (e.g. R. apiculata pre-inoculated with A. 
chesapeakensis), and “c” represents the number of species that co-occur in 
both treatments. 
 
For both coefficients, the closer the value to 1, the greater is the similarity of fungal 
diversity in both treatments. Even though Chao et al. (2005) have indicated that 
these two indices are mathematically-linked, both indices were widely used 
inter-changedly in numerous studies (Griffith and Lovitt, 1980; Lakkis and 
Novel-Lakkis, 1981; Lapointe et al., 1981; Bianchi and Bianchi, 1982; Sarma and 




3.2.8 Observations on Fungal Growth and Analysis 
(i)  Media preparation 
Two types of media were prepared. One was prepared by plating 15 ml half-strength 
CMA in Petri dishes (5 cm diameter), while the other was prepared by mixing 15 ml 
of half-strength CMA with approximately 4 mg of each the following wood 
substrate: 
a. R. apiculata saw dust (CMA + RW) 
b. R. apiculata powdered bark (CMA + RB) 
c. S. caseolaris saw dust (CMA + SW) 
d. S. caseolaris powdered bark (CMA + SB) 
 
(ii)  Inoculation of media 
The test fungi A. parvus, A. chesapeakensis and L. laevis were sub-cultured on 
half-strength CMA agar at 28 
o
C in the dark for two weeks (similar method to 3.2.2). 
A small mycelial disc of approximately 2mm diameter was cut a sterile cork borer 
and transferred onto the central of each plate containing each of the above medium 
enriched with either saw dust or powdered bark. The controls were prepared by 
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transferring mycelial discs onto half strength CMA plates not enriched with any 
wood material. Eight replicate plates were prepared for each fungal species on each 
of the media composition listed. These plates were then incubated in the dark at 28
o
C 
for 3 weeks. 
 
(iii)  Growth analysis 
The growth of each fungus on each of the agar medium was observed daily under the 
stereozoom dissecting microscope, from day 4 to day 21. The growth was measured 
by the distance between the point of incubation of the mycelial disc and the furthest 
hyphal tip or edge of the colony, i.e. colony radius. The growth monitored for each 
fungus was then plotted with time to determine its growth pattern on the different 
media and control.  
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4 PRELIMINARY STUDY – EFFECTS OF PRE-INOCULATING V. 
ENALIA ON BALSA WOOD  
 
4.1 Aims and Objectives 
Panebianco et al. (2002) studied the colonization of marine fungi using 
pre-inoculated balsa wood at Langstone Harbour, Portsmouth. In this study, an 
experiment to affirm the dominance of mangrove fungi in a tropical environment 
using an adaptation of Panebianco et al.’s approach (please refer to section 3.2) was 
carried out. V. enalia was selected as the inoculant in the investigation because of the 
following factors:  
• V. enalia was frequently recorded in random samplings done at various 
mangrove sites in Singapore (Leong, 1985; Quek 2003).  
• V. enalia was found to be dominant in a laboratory study on interference 
competition, between the three commonly occurring species: L. laevis, A. 
parvus, and V. enalia (Tan et al., 1995). Miller et al. (1985) also reported V. 
enalia as dominant fungus in his laboratory-based study.  
• V. enalia was readily available for the preliminary study, following the 
successful isolation and culture from previous collections from the site of 
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study. The species that originated from the area would therefore, not pose a 
problem as in the case of introducing an exotic species to the environment. 
  
The aims of this preliminary study were as follows:  
(i) to establish the mangrove fungal flora on the balsa wood blocks as a 
baseline for comparison, 
(ii) to investigate the changes in fungal flora with time on both un-inoculated 
and V. enalia pre-inoculated balsa wood blocks, and  
(iii) to determine the feasibility of using the pre-inoculation method to study 
the dominance of mangrove fungi. 
 
4.2 Results  
The results from un-inoculated and pre-inoculated balsa test-blocks, recovered on a 
fortnightly basis during the 12-week submergence, are shown in Tables 1 to 4. Table 
1 shows the list of species, percentage colonization with at least one fungal taxon 
present on each fortnightly collection, and the percentage of surface colonization for 
each species on un-inoculated balsa blocks. Table 2 shows the number of 
Ascomycetous fruit bodies and the total number of fruit bodies for each fortnightly 
collection on the un-inoculated blocks. In the same way, Table 3 shows the list of 
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species, percentage colonization with at least one fungal taxon present, and the 
percentage of surface colonization for each species; and Table 4 shows the number 
of Ascomycetous fruit bodies and the total number of fruit bodies for each 
fortnightly collection on the V. enalia pre-inoculated blocks.  
 
4.2.1 Control Balsa Test Blocks (Not Inoculated with V. enalia) 
Of the 15 fungi recorded on the balsa control test blocks, nine were Ascomycetous 
species, while the remaining six were Hyphomycetous species (Table 1). The 
number of species recorded from each fortnightly collection generally increased with 
time, from 5 (week 2) to 13 (week 12). The percentage of wood surface with at least 
one fungal taxon recorded fluctuated within the range of 35% (week 2) to 86% 
(week 8).   
 
Throughout the 12-week study, different fungal species were recorded for different 
periods of submersion. Of these 15 species recorded, five were consistently observed 
throughout the 12-week period. These were A. chesapeakensis, L. laevis, Lulworthia 
sp., P. prolifica and R. sphaerospora. While no species appeared restricted to the first 
half of the study, i.e. from week 2 to 6, six species occurred only in the second half  
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Table 1 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one taxon, and the average number of species on balsa test blocks 
over 12 weeks. All values expressed with standard error. 
Percentage of surface colonized by each species (%) 














      
1 Aigialus parvus Schatz et Kohlm. - - - - - 0.1 ± 
0.1 














3 Halosarpheia marina (Cribb et 
Cribb) Kohlm. 






4 Halosarpheia viscosa (I. Schmidt) 
Shearer et Crane ex Kohlm. et 
Volkm.-Kohlm. 






























7 Savoryella lignicola Jones et Eaton - - - - 0.4 ± 
0.4 
- 
8 Savoryella paucispora (Cribb et 
Cribb) Koch 








9 Verruculina enalia (Kohlm.) 
Kohlm. et Volkm.-Kohlm. 








      
10 Cirrenalia pygmea Kohlm. - - - - - 0.6 ± 
0.6 
11 Dendryphiella salina (Suth.) Pugh 
et Nicot 
- 2.7 ± 
1.4 
- - - - 












13 Remicephala sphaerospora 














Percentage of surface colonized by each species (%) 












14 Zalerion maritima (Linder) 
Anastasiou 




- 1.5 ± 
1.5 








Number of species 5 6 8 11 11 13 
Average number of fungal species 
overall 12 weeks 
9 ± 1 
Percentage of surface with at least one 















of the study, i.e. from week 8 to 12 (Table 1). These were H. marina, H. viscosa, S. 
paucispora, V. enalia, Z. maritima and a sclerocarpous fungus. The four remaining 
species, A. parvus, S. lignicola, C. pygmea and D. salina, were recorded only once 
throughout the 12-week period.  
 
Four species colonized more than 10% of the wood surface on at least one occasion 
throughout the 12-week study (Table 1). These were A. chesapeakensis, L. laevis, 
Lulworthia sp. and R. sphaerospora. In the case of A. chesapeakensis, the percentage 
surface colonization increased sharply in the first four weeks, from 18% to 75%. 
This was followed by a sharp decline in percentage colonization, to an absence of the 
fungus by week 12. This trend in percentage colonization was also seen in R. 
sphaerospora and L. laevis. In the case of R. sphaerospora the peak was in week 4 
(39.7 ± 5.9%), but it was much lower than that of A. chesapeakensis. In the case of L. 
laevis, the percentage colonization increased readily to a high of 68.2 ± 6.5% by 
week 8, instead of week 4, as was the case for A. chesapeakensis and R. 
sphaerospora. It then remained at 25 to 27% in the next 4 weeks. Lulworthia sp. on 
the other hand, showed generally low or negligible colonization throughout, except 
for week 8, where its percentage colonization was above 10%.  
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The majority of the fungi, regardless of whether they were frequently (P. prolifica) or 
occasionally encountered (A. parvus, H. marina, H. viscosa, S. lignicola, S. 
paucispora, V. enalia, C. pygmea, D. salina, Z. maritima and the sclerocarpous 
fungus), all showed low or negligible percentage colonization. Of these, V. enalia, 
which only occurred on the second half of the study, fluctuated within a very low 
range of 0.2 ± 0.2% (week 12) to 0.7 ± 0.7% (week 10) on the three fortnightly 
collections in which it was observed.   
 
A count of fruit bodies formed was only possible with the Ascomycetous fungi as 
they formed discreet perithecia. The total number of fruit bodies counted for each 
period of retrieval of the samples fluctuated within the range of 340 ± 181 (Week 10) 
to 1942 ± 470 (Week 4) during the 12-week study (Table 2). Amongst the nine 
Ascomycetous species, a large fruit body count was recorded for three species on at 
least one occasion during the 12-week study. These were A. chesapeakensis, L. laevis 
and H. marina. In the case of A. chesapeakensis, the number of fruit bodies 
increased markedly over the first four weeks, from 255 ± 116 in week 2 to 1499 ± 
376 in week 4. In the subsequent weeks, this decreased sharply with time and 
became negligible by week 12. L. laevis on the other hand, consistently yielded more 
than 100 fruit bodies at all sampling period throughout the study. The number of  
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Table 2 List of Ascomycete species and number of fruit bodies recorded on balsa wood 
blocks over 12-week period. All values expressed with standard error. 
Number of fruit bodies per block 
S/N Ascomycete species 





1 Aigialus parvus 
  
- - - - - 1 ± 1 








66 ± 26 2 ± 2 
3 Halosarpheia marina  - - - 1 ± 1 2 ± 2 114 ± 
102 
4 Halosarpheia viscose 
  
- - - 16 ± 16 3 ± 3 10 ± 10 












6 Lulworthia sp. 
 
3 ± 2 83 ± 20 10 ± 4 9 ± 4 1 ± 1 1 ± 1 
7 Savoryella lignicola 
 
- - - - 3 ± 3 - 
8 Savoryella paucispora  
 
- - 2 ± 2 5 ± 5 1 ± 1 6 ± 6 
9 Verruculina enalia  - - - 2 ± 2 3 ± 3 1 ± 1 



















L. laevis fruit bodies increased rapidly in the first eight weeks of the study (from 116 
± 116 in week 2 to 1107 ± 294 in week 8), before declining in the subsequent four 
weeks, to a low of 233 ± 113 fruit bodies in week 12. As for H. marina, which was 
encountered only in the second half of the study, the number of fruit bodies recorded 
initially was low or negligible for the week 8 and 10, when it was first encountered. 
However, the number of fruit bodies sharply increased to 114 ± 102 in week 12. 
 
Although Lulworthia sp. was present throughout the study, its fruit body count was 
generally low or negligible, just as it was for the infrequently observed fungi (A. 
parvus, H. viscosa, S. lignicola, S. paucispora and V. enalia). 
 
4.2.2 Balsa Wood Pre-inoculated with V. enalia 
In contrast to the results obtained with the un-inoculated balsa wood blocks, only 
five fungal species were recorded on the pre-inoculated blocks over the 12-week 
period. Of these, three were Ascomycetous species and the remaining two 
Hyphomycetous (Table 3). The number of species from each fortnightly collection 
fluctuation within the range of 1 (week 8 and 10) to 5 (week 6) during the 12-week 
study, thus giving an average of 2 ± 1 species collected for each collection The 
percentage  of surface colonized by  at least one fungal  taxon on the other hand, 
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Table 3 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one taxon, and the average number of species on balsa test blocks 
pre-inoculated with V. enalia over 12 weeks. All values expressed with standard error. 
Percentage of surface colonized by each species (%) 












Ascomycetes       




- - - 
2 Lignincola laevis  - - 0.3 ± 
0.3 
- - - 












Hyphomycetes       
4 Periconia prolifica  - - 0.4 ± 
0.4 
- - - 
5 Remicephala sphaerospora  0.8 ± 
0.6 
- 0.1 ± 
0.1 
- - 0.3 ± 
0.3 
Number of species 2 2 5 1 1 2 
Average number of fungal species 
overall 12 weeks 
2 ± 1 
Percentage of surface with at least one 















generally increased over time from 75 ± 15% in week 2 to 98 ± 1% in week 12. 
 
Four of the five fungi recorded occurred infrequently over the 12-week period of 
submergence. These were A. chesapeakensis (week 4 and 6), L. laevis (week 6), P. 
prolifica (week 6) and R. sphaerospora (week 2, 6 and 12). In contrast, the 
pre-inoculated fungus, V. enalia, was the only species that was consistently recorded 
throughout the 12 week period. In terms of the percentage surface colonization 
recorded for each species, V. enalia consistently colonized more than 74% of the 
surfaces throughout the study. Its percentage surface colonization generally 
increased with time, from 74 ± 16% in week 4 to 98 ± 1% in week 12. The 
remaining four species on the other hand, colonized not more than 2% of the 
surfaces in any of the fortnightly collection throughout the 12-week study.  
 
The total number of fruit bodies recorded for the pre-inoculated blocks fluctuated 
within the range of 2449 ± 700 (week 2) to 7940 ± 387 (week 10) (Table 4). It 
generally increased over time. Of the three Ascomycetous species recorded, V. enalia 
was the only species that consistently yielded high fruit body counts, increasing from 
2449 ± 700 (week 2) to 7940 ± 387 (week 10), before dipping to 6283 ± 1066 in the 
subsequent 4 weeks. In fact, the total fruit body count for the study was contributed 
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Table 4 List of Ascomycete species and number of fruit bodies recorded on balsa wood 
blocks pre-inoculated with V. enalia over 12-week period. All values expressed with 
standard error. 
Number of fruit bodies per block 
S/N Ascomycete species 





1 Aniptodera chesapeakensis 
  
- 20 ± 13 7 ± 7 - - - 
2 Lignincola laevis 
  
- - 2 ± 2 - - - 












Total number of fruit bodies per 
block 






5473 ±  
913 







solely by V. enalia in most of the collections. The remaining two Ascomycetous 
species, A. chesapeakensis and L. laevis, yielded low or negligible fruit body counts 
in weeks 4 and/ or 6, and were absent for most part of the study. Contributions by 
these fungi to the total count in weeks 4 and/ or 6 were minimal, if not negligible.  
 
4.2.3 Comparison between Control and Pre-inoculated Balsa Blocks 
The number of species recorded for balsa blocks pre-inoculated with V. enalia (5) 
(Table 3) was significantly lower than that of the un-inoculated control (15) (Table 1). 
Similarly, the average number of fungal species recorded for the 4-weekly 
observation was also significantly lower in the pre-inoculated treatment (2 ± 1) than 
that of the un-inoculated control (9 ± 1). However, the percentage of surface 
colonization by at least one fungal taxon was higher for the pre-inoculated test 
blocks (ranged from 75 to 100%) than that of the control (ranged from 36 to 89%).  
 
It is interesting to note that on the un-inoculated control blocks, V. enalia was 
observed only in the second half of the submersion period, i.e. from week 8 to week 
12. However, in the pre-inoculated blocks, it was consistently observed throughout 
the 12 weeks of submersion. Conversely, A. chesapeakensis, L. laevis, P. prolifica 
and R. sphaerospora were consistently observed on the control blocks, but not so in 
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the blocks pre-inoculated with V. enalia. They were observed sporadically on the 
pre-inoculated blocks. Lulworthia sp., consistently present on the control, was totally 
absent on the pre-inoculated blocks.  
 
The five species of fungi observed on the pre-inoculated blocks were also observed 
on the control blocks. Their frequencies of occurrences however, were different 
depending on whether the blocks were pre-inoculated with V. enalia or not.  
 
Apart from its absence on the control blocks in the first six weeks of sampling, V. 
enalia also occurred in low percentage surface colonization (0.2 ± 0.2% to 0.7 ± 
0.7%), where it was observed. In contrast, it showed high percentage surface 
colonization on the pre-inoculated blocks throughout the 12 weeks of study. The 
percentage also increased with time of submersion (from 74 ± 16% in week 2 to 98 ± 
1% in week 12). 
 
The percentage surface colonization of A. chesapeakensis, L. laevis, P. prolifica and 
R. sphaerospora was generally more than 10% for at least one occasion on the 
control blocks. In contrast, the percentages were generally low or negligible on the 
pre-inoculated blocks, with percentage surface colonization not exceeding 3% in 
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each of the fortnightly collection.  
 
The total number of fruit bodies counted on the pre-inoculated blocks were 
significantly higher (ranging from 2449 ± 700 to 7940 ± 387) than that of the control 
(340 ± 181 to 1942 ± 470).  
 
Of the Ascomycetous species recorded, A. chesapeakensisi, L. laevis and V. enalia 
were present on both the un-inoculated control and pre-inoculated blocks. In the case 
of V. enalia, the fruit body count was generally low, if not negligible on the 
un-inoculated control. In contrast, V. enalia, the inoculant species, consistently 
yielded high fruit body count on the pre-inoculated test blocks. As for the other two 
Ascomycetous species, A. chesapeakensis and L. laevis, the fruit body counts for 
both species were generally high on the un-inoculated control. This was in marked 
contrast with the pre-inoculated blocks, where the fruit body counts for A. 
chesapeakensis and L. laevis were generally low, if not negligible.  
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4.3  Discussions 
4.3.1 Diversity of Fungi 
The current baiting study with balsa wood blocks yielded 15 species consisting of 
nine Ascomycetous species and six Hyphomycetous species. This is the first time 
that balsa wood was used as a substratum for baiting mangrove fungi in Singapore. It 
showed that the number of species recorded was low and comparable to baiting 
experiments using different mangrove wood substrata previously carried out by 
Leong (1987). In Leong’s (1987) study and over the same submergence period of 18 
weeks, Avicennia alba wood yielded 11 species, A. lanata 14 species, Bruguiera 
cylindrica 9 species, and R. apiculata 9 species. This shows that balsa wood could be 
used as viable alternative to the natural wood species in future baiting experiments, 
at least for short period of submergence. 
 
Tan et al. (1989) showed earlier that randomly collected wood samples yielded a 
higher diversity of fungi compared to experimental test blocks. This trend was 
observed to be true when the number of species recorded in the current study was 
compared to the number of species recorded from wood samples randomly collected 
at the same mangrove site (30) (Leong, 1987). Sarma and Hyde (2001) reviewed that 
randomly collected samples offered a more diverse range of substrata nature than 
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that of baits. Since different fungi have different preferences of substrata, a greater 
fungal diversity was thus observed on the random samples, as compared to the 
utilization of baits (Jones, 2000).  
 
Leong’s (1987) previous study of the current mangrove site using randomly 
collected drift wood showed that two Ascomycetous species were frequently 
encountered, namely H. marina (with percentage occurrence of 21.5%) and A. 
chesapeakensis (12.1%). It is interesting to note that these were also recorded on the 
submerged balsa wood blocks in this study. Percentage occurrence used in the 
previous study was reviewed in Section 2.2. While percentage occurrence was not 
taken into account in this study, another parameter, i.e. percentage surface 
colonization (refer to section 3.2.6) was used. The percentage of surface colonization 
recorded in this study showed that a large presence (>10%) of these two fungi was 
observed on at least one sampling of the balsa wood blocks over the 12-week period. 
Furthemore, A. chesapeakensis was also consistently recorded throughout the 
12-week study. This suggests that both A. chesapeakensis and H. marina are 
common in the Lim Chu Kang mangrove site. This may also indicate that the 
common mangrove fungal species in this mangrove site have not changed at least 
over the last two decades, the time interval between the last study and the current 
67 
study. It may be expected that lists of fungal species compiled from random 
sampling of drift materials could be highly variable, since the wood materials could 
be of different origin, i.e. different tree species, and could have been submerged for 
unknown duration. Random sampling therefore, may not provide conclusive 
evidence that a fungal species is common to a site but provide only a hint on its 
common occurrence. The current findings using submerged balsa wood blocks, 
however, provide strong evidence that both A. chesapeakensis and H. marina are 
indeed common in the mangrove site.  
 
Previous studies on mangrove fungi in Singapore have demonstrated that L. laevis to 
be a common species in five mangrove sites, namely Mandai, Admiralty, Changi, 
Kranji and Lim Chu Kang (Tan 2002; Quek 2003). L. laevis was also consistently 
recorded for the first 26 weeks on all experimental wood blocks submerged in the 
Lim Chu Kang mangroves in a previous study by Leong (1987). Another 
Ascomycete, Lulworthia sp., was also presented on all experimental blocks in a 
54-week study at the same mangrove site in the previous study (Leong 1987). In this 
current study using baiting with balsa wood blocks, both L. laevis and Lulworthia sp. 
were also consistently recorded from blocks over the 12-week submergence. The 
results of this study therefore provide further evidence that A. chesapeakensis, L. 
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laevis and Lulworthia sp. are all common and frequent fungi in the mangrove in 
Singapore. 
 
4.3.2 Changes of Fungal Flora with Time 
Although this study was carried out over a relatively short period of time (12 weeks), 
some changes in the fungal flora patterns over time were observed. Firstly, there was 
a general increase in fungal species from 5 to 13 over the 12 week submergence. At 
first glance, the number of species fluctuated from collection to collection. This was 
attributed to the appearance of infrequent or uncommon or sporadic species. 
However, the change in the number of species was attributed to the consequence of 
the consistent occurrence of five species, namely H. marina, H. viscosa, S. 
paucispora, V. enalia and the sclerocarpous fungus. S. paucispora and the 
sclerocarpous fungus appeared after week 6, while three species, namely H. marina, 
H. viscosa and V. enalia after week 8. The occurrence of these key species 
contributed to the increase in fungal diversity with time of submergence.  
 
It is interesting to note that the percentage surface colonization of the five frequently 
occurring species (A. chesapeakensis, L. laevis, Lulworthia sp., P. prolifica and R. 
sphaerospora) generally declined when the later occurring species (H. marina and 
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the sclerocarpous fungus) appeared in this study at week 6 and 8. This was especially 
notable in the case of A. chesapeakensis. Its percentage surface colonization declined 
steadily from 75% in week 4 to 0.4% in week 12. This suggests that a certain extent 
of fungal succession could be taking place on the wooden blocks, where the earlier 
established species could be ‘giving way’ to later occurring species.  
 
The number of fruit bodies formed by three consistently occurring Ascomycetes (A. 
chesapeakensis, L. laevis and Lulworthia sp.) also showed a steady decrease from 
week 8 onwards, as the later species appeared. However, this was not observed for 
the fruit body counts of A. chesapeakensis and L. laevis. These counts remained 
generally higher even after the later occurring species had established on the blocks. 
The fruiting of fungi in relation to fungal succession has not been previously studied, 
and this warrants further investigation.  
 
In the study by Leong (1987), A. parvus was seen as a ‘late colonizer’, appearing on 
the wood blocks after 18 weeks of submersion. In the current study, A. parvus was 
seen to appear only in week 12, and at very low percentage colonization. This late 
observation of A. parvus lends support to Leong’s (1987) conclusion that the fungus 
is a ‘late colonizer’. The late appearance of this fungus suggests that it probably is 
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unable to utilize and hence colonize freshly cut wood surfaces, and requires the 
earlier fungi to initiate wood degradation to pave the way for its colonization. 
 
Although the submergence was for only 12 weeks, the results of this study showed 
that wood substrata submerged in the mangrove became colonized by an increasing 
number of mangrove fungi, and that the sequence of appearance of species suggested 
that fungal succession could have taken place.   
 
4.3.3 Effects of Pre-inoculation of Wood Blocks with V. enalia 
Pre-inoculation of balsa wood blocks with V. enalia drastically reduced the number 
of species colonizing the wood blocks to only five species (Table 3), as compared to 
15 for the control (Table 1). The five species observed on the pre-inoculated blocks, 
namely A. chesapeakensis, L. laevis, V. enalia, P. prolifica and R. sphaerospora, 
were fungi that were also observed on the control blocks. With the exception of the 
inoculant species V. enalia, the other four species observed on the pre-inoculated 
blocks were also recorded consistently throughout the study. It is also interesting to 
note that these four species were considered common to the study site (as discussed 
in section 4.3.1). Hence, they were the most likely fungi to colonize the balsa blocks 
notwithstanding those that were already heavily colonized by V. enalia. This 
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observation could even suggest that the four species were resistant or able to 
compete with V. enalia in successfully colonizing the wood blocks, while the least 
competitive species were ‘weeded out’ by V. enalia.  
 
The decrease in fungal diversity on the balsa blocks pre-inoculated with V. enalia, 
and the presence of the four species namely A. chesapeakensis, L. laevis, P. prolifica 
and R. spharospora, which was consistenly observed in the un-inoculated control, 
could reflect antagonistic interaction between V. enalia and the other fungi. As have 
been discussed in section 2.5 of the Literature Review, V. enalia was shown to be 
dominant in previous laboratory studies (Tan et al., 1995) and was attributed to its 
ability to sequester a number of bioactive material (Lin et al., 2002).  
 
Apart from chemical interaction, the observations made in this study also revealed an 
aspect on the competitive edge that V. enalia may have on other fungi. It was 
observed that V. enalia formed a very high number of fruiting bodies (2449 to 7940). 
The fruiting bodies were large (approximately 1mm across), carbonaceous and 
formed very closely to one another on the wood surface. These fruit bodies could 
well present a physical constraint to the other fungi, which could have been 
suppressed (crowded out) or not given the opportunity to establish a foothold on the 
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wood surface (colonization). This physical barrier presented by the fruit bodies of V. 
enalia could be formidable given that the fungus occupied more than 96% of the 
wood surfaces.  
 
Although the pre-inoculated blocks showed a poorer fungal diversity, these treated 
blocks had greater extent of surfaces that were colonized by at least one fungal taxon 
(75 to 100%), as compared to that of the control (36 to 89%). The pre-inoculated 
blocks also yielded higher fruit body counts (2449 to 7940) than that of the control 
(340 to 1942). An important point to note is that the higher percentage surface 
colonization and fruit body count on the pre-inoculated blocks were attributed to that 
of V. enalia on the pre-inoculated blocks (Table 4).  
 
This reveals a key aspect to V. enalia: although it occurred in low or negligible 
percentage in the later part of the study (week 8 to 12) on the un-inoculated control, 
when it was pre-inoculated onto the blocks, it had the capability to grow in an 
overwhelming manner and prevented other fungi from occurring. This observation 
with V. enalia bears similarity to the studies conducted by Panebianco et al. (2002), 
in which four marine Ascomycetes, namely Ceriosporopsis halima, Corollospora 
maritima, Halosphaeriopsis mediosetigera and Marinospora calyptrate, 
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pre-inoculated onto wood blocks before submergence at Langstone Harbour, 
Portsmouth, England, were the only species sporulating upon recovery of the wood 
blocks after 2, 6, 9 and 15 months of submergence. Panebianco et al. (2002) 
attributed interference competition as the main mode of interaction in which these 
pre-inoculated fungi prevented the colonization of other species on the wood blocks. 
As reviewed in section 2.5, V. enalia has the ability to prevent the establishment by 
interference competition.   
 
4.3.3  Further Studies and Other Considerations 
This preliminary study with submerged balsa wood blocks pre-inoculated with V. 
enalia yielded both interesting and significant results indicative of trends in fungal 
colonization of submerged wood. However, balsa wood would not be appropriate for 
a longer period of submergence, given that in the tropical mangrove environment, 
the large community of naturally occurring fouling organisms would deteriorate the 
wood at a very rapid rate. Moreover, balsa woods are not naturally occurring in the 
tropical mangrove, and this may not present a natural substratum for mangrove fungi 
to interact in a natural environment.  
 
This preliminary study also raised an interesting question regarding fungal 
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dominance: while pre-inoculation of the substratum with a known dominant species 
prevented other fungi from establishing on the block, would pre-inoculation with 
species not known to be dominant, have the same impact on other fungi? In order to 
address these concerns, a similar pre-inoculation study using mangrove wood blocks 
and three selected mangrove fungi as inoculants, namely A. chesapeakensis, L. laevis 
and V. enalia, was carried out. This is present in the following chapter.  
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5 PRE-INOCULATION OF R. APICULATA AND S. CASEOLARIS 
WOOD WITH A. CHESAPEAKENSIS, L. LAEVIS AND V. ENALIA 
5.1  Aims and Objectives 
In order to investigate the concerns highlighted in Section 4.3.3, two mangrove 
woods, Rhizophora apiculata and Sonneratia caseolaris were selected for this study. 
R. apiculata was selected, since it was used previously at the same study site (Leong, 
1987) and would thus offer some grounds of comparison for the overall fungal 
diversity and the temporal changes of fungal flora. The other mangrove wood S. 
caseolaris, which had not been used for experiments associated with mangrove fungi 
before, was selected as an attempt to record the diversity and changes of fungal flora 
community with time of submergence on a novel wood substratum.  
 
Both mangrove wood species were also used for pre-inoculation studies (methods as 
described in section 3.2.3) to determine the dominance of mangrove fungi in a 
tropical environment. Besides V. enalia, which was used in the pre-liminary studies, 
two other species were used as inoculants in this study. These were A. 
chesapeakensis and L. laevis. Both species were common to the study site (as 
established in Section 4.3.1), and were selected primarily to answer the question on 
whether these species would show the same trend as that of a highly competitive 
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species, i.e. V. enalia.  
 
Apart from a change in the substrata used and the addition of two more species (A. 
chesapeakensis and L. laevis) for the pre-inoculation studies, the duration of the 
study was doubled from 12 weeks in the preliminary study to 24 weeks. The interval 
between each collection was also lengthened from two weeks to four weeks. These 
changes were adopted to facilitate a longer period of study, so as to establish a 
clearer picture for changes in fungal floral with time.  
  
In summary, the objectives of this study are as follow:  
(i) to establish the baseline fungal flora colonizing R. apiculata and S. 
caseolaris wood blocks, submerged for up to 24 weeks in the mangrove, 
and 
(ii) to establish changes in the fungal flora colonizing R. apiculata and S. 
caseolaris wood blocks, submerged for up to 24 weeks in the mangrove, 
after pre-inoculation of the wood blocks with selected mangrove fungi. 
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5.2  Study with R. apiculata Wood 
The list of fungal species with its percentage colonization of the wood (species 
colonization), the average number of species recorded on each 4-weekly collection, 
and the extent of surface colonization of the wood surfaces by at least one fungal 
taxa, for the control and each treatment of R. apiculata blocks over the 24-week 
study, are presented in Tables 5, 7, 10 and 13. The tabulated species colonization 
represents the average and standard error of six replicate blocks for each 4-weekly 
collection.  
 
The total and average number of Ascomycetous species fruit bodies recorded for 
each treatment of R. apiculata blocks over the 24-week study, are presented in 
Tables 6, 8, 11 and 14. 
 
5.2.1 Control R. apiculata Test Blocks (not pre-inoculated with any fungus) 
Seventeen fungal species were recorded on the uninoculated R. apiculata control test 
blocks (Table 5). Of these, nine species were Ascomycetous fungi, while the 
remaining eight were Hyphomycetous fungi. The number of species recorded from 
each 4-weekly collection  ranged  from  5 (week 16) to  9 (week 8). An average  
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Table 5 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on R. apiculata 
test blocks over 24 weeks. All values expressed with standard error. 
Species Colonization (%) 














      




2 Aniptodera chesapeakensis  6.4 ± 





- 0.1 ± 
0.1 
- 
3 Aniptodera sp.1 - 0.1 ± 
0.1 
- - - - 
4 Halosarpheia marina  - - - - 0.1 ± 
0.1 
- 
5 Halosphaeria quadricornuta Cribb 
et Cribb 





























8 Savoryella paucispora  - 0.3 ± 
0.3 
- - - - 
9 Verruculina enalia  - - - 2.0 ± 
1.3 
- 1.8 ± 
1.2 
Hyphomycetes       
10 Cirrenalia macrocephala (Kohlm.) 
Meyers et Moore 
- - 0.1 ± 
0.1 
- - - 




- - - - 
12 Clavatospora bulbosa (Anast.) 
Nakagiri et Tubaki 
0.5 ± 
0.5 
- - - - - 
13 Humicola alopallonella Meyers et 
Moore 
- - - - - 4.1 ± 
4.1 













Species Colonization (%) 
















- 0.1 ± 
0.1 
- 
16 Zalerion maritima  - 0.3 ± 
0.3 
- - - - 
17 Zalerion varium Anastasiou - - 0.1 ± 
0.1 
- - - 
Number of species 6 9 7 5 8 6 
Average number of fungal species 
overall 24 weeks 
7 ± 1 
Percentage of surface with at least one 















7 ± 1 species was recorded for the 24-week period. The percentage surface 
colonization by at least one fungal taxon ranged from 38% (week 20) to 60% (week 
24). 
 
Throughout the 24-week study, fungal species were recorded for different period of 
submersion. L. laevis, Lulworthia sp. and Periconia prolifica were the only three 
species that were consistently recorded throughout the 24-week period. Other fungi 
appeared only within the first half of the period of submergence, i.e. from 4 weeks 
up to 12 weeks, or within the second half of the period, i.e. from 16 weeks up to 24 
weeks. Cirrenalia pygmea appeared within the first half and may be regarded as an 
“early” colonizer in the context of this study, while Aigialus parvus, Halosphaeria 
quadricornuta and V. enalia appeared during the second half and may be regarded as 
“late” colonizers. 
 
Two fungi occurred sporadically throughout the study. These were A. chesapeakensis 
(week 4, 8, 12, and 20) and Remicephala sphaerospora (8, 12 and 20). The 
remaining eight species, namely Aniptodera sp. 1, Halosarpheia marina, Savoryella 
paucispora, Cirrenalia macrocephala, Clavatospora bulbosa, Humicola 
alopallonella, Zalerion maritima and Z. varium were recorded only once throughout 
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the study.  
 
Four species, namely A. parvus, L. laevis, Lulworthia sp. and P. prolifica showed 
more than 10% colonization on at least one occasion in the study. Of these P. 
prolifica showed more than 10% colonization throughout the 24-week period, with 
the percentage generally decreasing from week 4 (39 ± 5%) to week 24 (13 ± 2%). L. 
laevis on the other hand, showed more than 10% colonization for the first 20-week, 
with the percentage generally increasing from week 4 (11 ± 5%) to week 16 (35 ± 
9%). For week 24, the percentage decreased to 8 ± 2%. A. parvus and Lulworthia sp. 
showed more than 10% colonization only once, on week 24. For both species, the 
species colonization seemed to increase with time from 6 ± 3% (week 20) to 28 ± 
6% (week 24) for A. parvus, and from 0.3 ± 0.2% (week 8) to 12 ± 6% (week 24) for 
Lulworthia sp.  
 
The majority of fungal species showed low or negligible species colonization. These 
included A. chesapeakensis, H. marina, H. quadricornuta, S. paucispora, V. enalia, 
C. macrocephala, C. pygmea, C. bulbosa, H. alopallonella, R. sphaerospora, Z. 
maritima and Z. varium. Of these, A. chesapeakensis also showed decreasing 
percentages from 6 ± 2 % in week 4, to 0.1 ± 0.1% in week 20.  
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Fruit bodies could only be counted with the Ascomycetous fungi as they formed 
discreet perithecia. These are presented in Table 6. The average number of fruit 
bodies counted for each collection ranged from 325 ± 61 (Week 20) to 689 ± 301 
(Week 8).  
 
Fruit bodies were consistently observed over the 24 weeks for two fungi, namely L. 
laevis and Lulworthia sp. In the case of L. laevis, fruit body counts were high, 
ranging from 86 ± 27 (week 24) to 664 ± 309 (week 8). The highest count in week 8 
showed a gradual decrease to a low 86 ± 27 in week 24. The fruit body count of 
Lulworthia sp. generally fluctuated between 22 ± 16 to 37 ± 14 throughout the study, 
except for week 24 (116 ± 57). Although the occurrence of A. parvus was only 
recorded in the last 8 weeks of the study, the fruit body count showed a similar sharp 
increase from 59 ± 27 (week 20) to 455 ± 123 (week 24), in a way similar to that of 
Lulworthia sp. On the other hand, A. chesapeakensis showed a marked decrease in 
fruit body count from week 4 (101 ± 38) to week 8 (22 ± 12), and was subsequently 
absent or recorded in negligible amount for the rest of the study. 
 
Fruit body counts were low for V. enalia and generally negligible for Aniptodera sp. 
1, H. marina, H. quadricornuta and S. paucispora. 
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Table 6 List of Ascomycete species and number of fruit bodies recorded on R. apiculata 
block over 24-week period. All values expressed with standard error. 
Number of fruit bodies 
S/N Ascomycete species 









1 Aigialus parvus - - - - 59 ± 27  455 ± 
123 
2 Aniptodera chesapeakensis  101 ± 
38 
22 ± 12 1 ± 1 - 1 ± 1 - 
3 Aniptodera sp.1 
 
- 1 ± 1 - - - - 
4 Halosarpheia marina  
 
- - - - 1 ± 1 - 
5 Halosphaeria quadricornuta  
 
- - - 1 ± 1 7 ± 1 - 










86 ± 27 
7 Lulworthia sp. 37 ± 14 1 ± 1 22 ± 16 32 ± 27 25 ± 12 116 ± 
57 
8 Savoryella paucispora 
  
- 2 ± 2 - - - - 
9 Verruculina enalia  
 
- - - 20 ± 14 - 14 ± 9 















5.2.2 R. apiculata Test Blocks Pre-inoculated with A. chesapeakensis 
Nineteen fungal species were recorded on R. apiculata test blocks pre-inoculated 
with A. chesapeakensis (Table 7). Of these, 12 were Ascomycetous fungi, while the 
remaining seven were Hyphomycetous fungi. While the number of species recorded 
from each 4-weekly collection ranged from 7 (week 16) to 12 (week 24), an average 
of 9 ± 1 species was recorded over the 24-week period. The percentage of surface 
colonized by at least one fungal taxon ranged from 37 ± 2 % (week 8) to 58 ± 10 % 
(week 20). 
 
Throughout the 24-week submersion, fungal species were recorded from different 
period of retrieval, with L. laevis, Lulworthia sp. and P. prolifica being the only three 
species that were consistently recorded. Although S. paucispora was not observed 
initially (week 4), it was observed throughout the remaining 20 weeks of study. On 
the other hand, R. sphaerospora was observed during the first 20 weeks, but not in 
the last four weeks (week 24). While none of the species occurred only within the 
first half of the study (up to 12 weeks), four species were observed only in the 
second half (from 16 weeks). These late colonizers were A. parvus, H. 
quadricornuta, V. enalia and H. alopallonella. Of the remaining 10 species, three  
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Table 7 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on R. apiculata 
test blocks pre-inoculated with A. chesapeakensis, over 24 weeks. All values expressed with 
standard error. 
Species Colonization (%) 












Pre-inoculated species       




- - - 1.1 ± 
0.7 
Ascomycetes       




3 Aniptodera sp.1 - - - - - 1.5 ± 
1.0 






5 Leptosphaeria australiensis (Cribb 
et Cribb) G.C. Hughes 
- 0.1 ± 
0.1 
- - - - 
























8 Mycosphaerella salicorniae 
(Auerswald) Petrak 
- - - - 0.3 ± 
0.3 
- 
9 Nais inornata Kohlm. - - 0.5 ± 
0.3 
- - - 
10 Savoryella lignicola - - 0.1 ± 
0.1 
- - 0.2 ± 
0.2 


















      
13 Cirrenalia macrocephala  0.1 ± 
0.1 
- - - - - 
86 
Species Colonization (%) 












14 Cirrenalia pygmea  1.3 ± 
0.7 
- - - - - 































- - - - - 






- - 0.2 ± 
0.2 
Total number of species 9 8 8 7 10 12 
Average number of fungal species 
overall 24 weeks 
9 ± 1 
Percentage of surface with at least one 















occurred sporadically throughout the study, including the pre-inoculated A. 
chesapeakensis (week 4, 8, and 24). The other two sporadically occurring species 
were S. lignicola (week 12 and 24) and Z. maritima (week 4, 8, 12 and 24). Seven 
species, namely Aniptodera sp. 1, L. australiensis, M. salicorniae, N. inornata, C. 
macrocephala, C. pygmea and T. constrictum were recorded only once throughout 
the study.  
 
Four species, including the pre-inoculated A. chesapeakensis, showed more than 
10% colonization on at least one 4-weekly collection in the study. A. chesapeakensis 
showed high percentage colonization initially (26 ± 2%, week 4) but rapidly declined 
to a low percentage or became absent altogether. The other three species were L. 
laevis, Lulworthia sp. and P. prolifica. L. laevis and P. prolifica generally showed 
more than 10% colonization throughout the course of the study. In the case of L. 
laevis, the percentage increased from 10 ± 1% (week 4) to 49 ± 12% (week 12) 
before it gradually declined to 14 ± 6% (week 24). Species colonization for P. 
prolifica likewise showed a gradual decline from 38 ± 3% (week 4) to 9 ± 2% (week 
24). On the contrary, the species colonization of Lulworthia sp. was generally low 
over the first 20 weeks, but sharply increased to 13 ± 6% on week 24. 
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The rest of the fungi, irrespective of whether they were frequently observed (S. 
paucispora and R. sphaerospora) or occasionally observed (A. parvus, Aniptodera sp. 
1, H. quadricornuta, L. australiensis, M. salicorniae, N. inornata, S. lignicola, V. 
enalia, C. macrocephala, C. pygmea, H. alopallonella, T. constrictum and Z. 
maritima), consistently showed low or negligible species colonization.  
 
The average number of fruit bodies counted is presented in Table 8. The count for 
each 4-weekly retrieval generally fluctuated within 321 ± 50 (Week 16) to 915 ± 161 
(Week 4) over the 24 week period. Overall, the fungi that yielded high fruit body 
counts were A. chesapeakensis (the pre-inoculated fungus) and L. laevis. In the case 
of A. chesapeakensis, a very high count of 592 ± 107 fruit bodies was observed only 
initially at week 4. For the remaining weeks, the fungus formed very few fruit bodies 
or none at all. On the contrary, fruit body counts of L. laevis were generally high 
throughout the study. The number of L. laevis fruit bodies increased from 195 ± 22 
(week 4) to 896 ± 367 (week 12), before it gradually decreased to 178 ± 100 (week 
24). 
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Table 8 List of Ascomycete species and number of fruit bodies recorded on R. apiculata 
block pre-inoculated with A. chesapeakensis, over 24-week period. All values expressed 
with standard error. 
Number of fruit bodies per block 
S/N Ascomycete species 









Pre-inoculated species       
1 Aniptodera chesapeakensis  592 ± 
107 
2 ± 2 - - - 15 ± 11 
Ascomycetes       
2 Aigialus parvus  
 
- - - - 2 ± 2 52 ± 30 
3 Aniptodera sp.1 
 
- - - - - 18 ± 14 
4 Halosphaeria quadricornuta 
  
- - - 2 ± 1 3 ± 2 9 ± 9 
5 Leptosphaeria australiensis  
 
- 1 ± 1 - - - - 












7 Lulworthia sp. 128 ± 
94 
5 ± 5 1 ± 1 9 ± 6 9 ± 9 116 ± 
61 
8 Mycosphaerella salicorniae 
  
- - - - 3 ± 3 - 
9 Nais inornata  
 
- - 3 ± 2 - - - 
10 Savoryella lignicola  
 
- - 2 ± 2 - - 1 ± 1 
11 Savoryella paucispora  
 
- 8 ± 6 10 ± 10 2 ± 1 1 ± 1 14 ± 14 
12 Verruculina enalia  
 
- - - 1 ± 1 69 ± 42 11 ± 7 















A relatively high fruit body count was also observed with Lulworthia sp. in the 
beginning (128 ± 94, week 4) and at the end (116 ± 61, week 24) of the study. In 
between, its fruit body count was generally low or negligible. 
 
Although S. paucispora was present for most part of the study period, its fruit body 
count was generally low or negligible. The infrequently observed fungi (A. parvus, 
Aniptodera sp. 1, H. quadricornuta, L. australiensis, M. salicorniae, N. inornata, S. 
lignicola and V. enalia) also yielded very low or negligible fruit body count. 
 
5.2.3 Comparison between R. apiculata Control and Test Blocks 
Pre-inoculated with A. chesapeakensis 
The number of fungal species recorded for R. apiculata test blocks pre-inoculated 
with A. chesapeakensis (19) (Table 7) was comparable to that of the control (17) 
(Table 5). The average number of fungal species recorded over the 24-week study 
also showed comparable diversity of fungi on the control (7 ± 1) and the 
pre-inoculated (9 ± 1) blocks. The percentage of surface colonized by at least one 
fungal taxon was similar for both the pre-inoculated test blocks (ranged from 37 ± 2 
to 58 ± 10%) and the control (ranged from 38 ± 4% to 60 ± 6%).  
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Of the 19 fungal species recorded on the pre-inoculated test blocks, 14 were 
common to that of the control. The five species unique to the pre-inoculated test 
blocks were L. australiensis, M. salicorniae, N. inornata, S. lignicola and T. 
constrictum.  
 
The fungal species of the control and treatment blocks were compared on a 4-weekly 
basis, using the Jaccard and Sorenson coefficients as shown in Table 9.  It should be 
noted that the closer the coefficients were to unity (value of one), the more similar 
species were in the two treatments (control and pre-inoculated blocks).  
 
The Jaccard coefficient generally ranged from 0.45 to 0.71 throughout the 24-week 
study, and showed an average of 0.54. The Sorenson coefficient ranged from 0.63 to 
0.83, and yielded an average of 0.70 for the 24-week period. 
 
In both the treatment and control, L. laevis, Lulworthia sp. and P. prolifica were 
consistently observed throughout the 24-week period. It is interesting to note that C. 
pygmea was recorded during the first half of the study in the control, and it again 
appeared only in week 4 in the pre-inoculated blocks. On the other hand, A. parvus, 
H. quadricornuta and V. enalia only appeared in the second half of the study in both  
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Table 9 Jaccard and Sorenson coefficients for comparisons between the R. apiculata control 
and test blocks pre-inoculated with A. chesapeakensis. 
Week 
 
Jaccard Coefficient Sorenson Coefficient 
4 0.45 0.63 
8 0.70 0.82 
12 0.40 0.57 
16 0.71 0.83 
20 0.50 0.67 
24 0.50 0.67 
Average 0.54 ± 0.05 0.70 ± 0.04 
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the control and the pre-inoculated blocks.  
 
In terms of species colonization, the fungus used in the pre-inoculation, A. 
chesapeakensis, appeared in both the control and the pre-inoculated blocks and 
showed the same trend of decreasing species colonization with time. The difference 
was that the fungus had higher percentage colonization on the pre-inoculated blocks 
initially. L. laevis and P. prolifica were also notable on both the treatment and control, 
with each showing more than 10% colonization. In both treatments, L. laevis showed 
an increase in percentage colonization, followed by a decrease with time. For P. 
prolifica, the trend was that of decreasing species colonization with time.  
 
The trends in species colonization were very similar in two fungi, A. parvus and 
Lulworthia sp. In both the treatment and control, the percentages generally increased 
or reached its highest value with period of submersion.  
 
The total number of fruit bodies counted for the control and pre-inoculated blocks 
were comparable, with 325 ± 61 to 689 ± 301 fruit bodies recorded on the control 
(Table 6), and 321 ± 50 to 915 ± 161 on the pre-inoculated blocks (Table 8).  
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Among the fungi observed, L. laevis consistently yielded the highest fruit body count 
throughout the study for both the control and the pre-inoculated blocks (with 
exception of week 4). A. chesapeakensis, the inoculant species, yielded its highest 
fruit body count in week 4 on the pre-inoculated blocks, compared to the control 
which showed a lower number of A. chesapeakensis fruit bodies. The trend for A. 
chesapeakensis and L. laevis fruit body counts was generally similar in both the 
treatment and control. In the case of A. chesapeakensis, the number of fruit bodies 
generally decreased with time in both treatments. The number of L. laevis fruit 
bodies on the other hand, generally increased with time and peaked in the middle of 
the study  (week 12 in pre-inoculated blocks, week 8 in control), before decreasing 
thereafter.  
 
In both the treatment and control, A. parvus showed a marked increase in fruit body 
count from week 20 to 24, although the number of fruit bodies counted on the 
pre-inoculated block (455 ± 123) was higher than that on control (52 ± 30).  
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5.2.4 R. apiculata Test Blocks Pre-inoculated with L. laevis 
Seventeen fungal species were recorded on R. apiculata test blocks pre-inoculated 
with L. laevis (Table 10). Of these, 11 were Ascomycetous fungi and six were 
Hyphomycetous fungi. The number of fungal species recorded from each 4-weekly 
collection ranged from 6 (week 12) to 10 (week 4 and 16). An average of 8 ± 1 
species was recorded during the 24-week study period. The percentage of surface 
colonization by at least one fungal taxon ranged from 46 ± 6% (week 24) to 62 ± 7% 
(week 4).  
 
Throughout the 24-week submersion, fungal species were recorded at different time 
of retrieval. L. laevis and P. prolifica were the only two species consistently recorded. 
S. paucispora was observed during the first 20 weeks, but was absent in the last four 
weeks (week 24). R. sphaerospora was observed over the 24 weeks, but was absent 
in week 20. Two species namely A. parvus and V. enalia were observed only in the 
second half of the period of study. Six species occurred sporadically and there were 
A. chesapeakensis (week 4, 8, 16 and 20), Aniptodera sp. (week 8, 16 and 24), H. 
quadricornuta (week 16 and 24), Lulworthia sp. (week 4 and 20), C. pygmea (week 
4, 8, 16 and 24) and H. alopallonella (week 12 and 20). Five species, namely H. 
retorquens, Hypoxylon oceanicum, S. lignicola, Cephalosporium sp. and Z. maritima  
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Table 10 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on R. apiculata 
test blocks pre-inoculated with L. laevis, over 24 weeks. All values expressed with standard 
error. 
Percentage of surface colonized by each species (%) 












Pre-inoculated species       




























4 Aniptodera sp.1 - 0.2 ± 
0.2 
- 0.4 ± 
0.3 
- 0.1 ± 
0.1 
5 Halosarpheia retorquens Shearer et 
Crane 
- 0.6 ± 
0.5 
- - - - 
6 Halosphaeria quadricornuta  - - - 0.3 ± 
0.3 
- 0.8 ± 
0.8 
7 Hypoxylon oceanicum Schatz - - - - - 6.9 ± 
6.9 
8 Lulworthia sp. 0.3 ± 
0.3 
- - - 0.3 ± 
0.3 
- 
9 Savoryella lignicola  0.2 ± 
0.2 
- - - - - 





















      
12 Cephalosporum sp. 0.1 ± 
0.1 
- - - - - 




- 0.3 ± 
0.3 
- 0.3 ± 
0.3 
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Percentage of surface colonized by each species (%) 












14 Humicola alopallonella  - - 0.2 ± 
0.2 
- 0.3 ± 
0.3 
- 




















- 0.1 ± 
0.1 
17 Zalerion maritima  0.4 ± 
0.3 
- - - - - 
Total number of species 10 8 6 10 8 9 
Average number of fungal species overall 
24 weeks 
8 ± 1 
Percentage of surface with at least one 















occurred only once throughout the study.  
 
The pre-inoculated L. laevis showed more than 10% colonization throughout the 
24-week study. However, the occurrence of L. laevis generally decreased from 48 ± 
8% (week 4) to 15 ± 5% (week 24) with time. Apart from this inoculant species, 
three other species also showed more than 10% species colonization on at least one 
occasion during the study. These were A. parvus, P. prolifica and R. sphaerospora. 
Although A. parvus occurred only in the second half of the study (week 16 to 24), its 
species colonization rose sharply from 0.5 ± 0.5% to 20 ± 8 % on week 24. On the 
other hand, R. sphaerospora generally showed decreased colonization with time, 
with percentage declining from 12 ± 8% (week 4) to 0.1 ± 0.1% (week 24). In the 
case of P. prolifica, percentage colonization increased steadily with time, peaking at 
12 ± 2% on week 16, before sharply declining to 1 ± 1% by week 24. 
 
The rest of the fungi, namely A. chesapeakensis, Aniptodera sp. 1, H. retorquens, H. 
quadricornuta, H. oceanicum, Lulworthia sp., S. lignicola, S. paucispora, V. enalia, 
Cephalosporium sp., C. pygmea, H. alopallonella and Z. maritima, consistently 
showed low or negligible species colonization. It was noted that occurrence of A. 
chesapeakensis generally decreased with time, from the initial species colonization 
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of 6 ± 2 % (week 4). 
 
The average number of fruit bodies recorded for each 4-weekly retrieval was 
generally high for the first 20 weeks (Table 11). It ranged from 1170 ± 256 (Week 
20) to 3318 ± 872 (Week 8), before declining to 653 ± 107 in week 24. On the whole, 
L. laevis yielded the highest fruit body count throughout the study, ranging from 298 
± 129 (week 24) to 3274 ± 915 (week 8). The count increased and peaked in week 8 
before decreasing to a low 298 ± 129 count in week 24. A high fruit body count was 
also recorded for A. parvus on last 8 weeks of the study. A. parvus occurred only 
during the second half of the study. Its initial low or negligible fruit body count (2 ± 
2) increased sharply to 273 ± 156 (week 20) and 201 ± 81 (week 24). 
 
The rest of the fungi observed, A. chesapeakensis, Aniptodera sp. 1, H. retorquens, 
H. quadricornuta, H. oceanicum, Lulworthia sp., S. lignicola, S. paucispora and V. 




Table 11 List of Ascomycete species and number of fruit bodies recorded on R. apiculata 
block pre-inoculated with L. laevis, over 24-week period. All values expressed with standard 
error. 
Number of fruit bodies 
S/N Ascomycete species 









Pre-inoculated species       
1 Lignincola laevis  1605 ± 
452 
   3274 









Ascomycetes       




3 Aniptodera chesapeakensis 
  
88 ± 28 15 ± 7 - 15 ± 10 9 ± 9 - 
4 Aniptodera sp.1 
 
- 3 ± 3 - 2 ± 1 - 2 ± 2 
5 Halosarpheia retorquens  
 
- 8 ± 7 - - - - 
6 Halosphaeria quadricornuta  
 
- - - 2 ± 2 - 1 ± 1 
7 Hypoxylon oceanicum  - - - - - 102 ± 
102 
8 Lulworthia sp. 
 
2 ± 2 - - - 3 ± 3 - 
9 Savoryella lignicola  
 
3 ± 3 - - - - - 
10 Savoryella paucispora  
 
4 ± 4 19 ± 19 1 ± 1 2 ± 2 8 ± 8 - 
11 Verruculina enalia  
 
- - 12 ± 12 53 ± 31 4 ± 3 50 ± 28 
Average number of fruit bodies 
1701 ±  
296 
3318 ±  
872 










5.2.5 Comparison between R. apiculata Control and Test Blocks 
Pre-inoculated with L. laevis 
The number of species recorded for R. apiculata test blocks pre-inoculated with L. 
laevis (17)(Table 10) was similar to that of the control (17)(Table 5). Likewise, the 
average number of fungal species recorded for the 24-week study on the 
pre-inoculated blocks (8 ± 1) was also comparable to that of the control (7 ± 1). The 
percentage of surface colonized by at least one fungal taxon was comparable in both 
the pre-inoculated test blocks (ranged from 46 ± 6 to 62 ± 7%) and the control 
(ranged from 38 ± 4% to 60 ± 6%). However, the percentage decreased over time in 
the pre-inoculated blocks, while that of the control remained fairly constant during 
the first 16 weeks.  
 
Of the 17 species recorded on the control and pre-inoculated test blocks, 13 were 
common to both treatments. The four species unique to the pre-inoculated test blocks 
were H. retorquens, H. oceanicum, S. lignicola and Cephalosporium sp.  
 
The Jaccard and Sorenson coefficients were used to determine how similar the 
fungal species in the two treatments were over the 24-week period. As shown in 
Table 12, the Jaccard coefficient for the 24-week period ranged from 0.33 (week 12)  
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Table 12 Jaccard and Sorenson coefficients for comparisons between the R. apiculata 
control and test blocks pre-inoculated with L. laevis. 
Week 
 
Jaccard Coefficient Sorenson Coefficient 
4 0.45 0.63 
8 0.70 0.82 
12 0.33 0.50 
16 0.36 0.53 
20 0.45 0.63 
24 0.44 0.62 
Average 0.46 ± 0.05 0.62 ± 0.05 
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to 0.70 (week 8), while the Sorenson coefficient for the same period ranged from 
0.50 (week 12) to 0.82 (week 8).  The Jaccard coefficient showed an average of 
0.46 for the 24-week period. The Sorenson coefficient showed a slightly higher 
average of 0.62 for the same period. 
 
In both the control and treatment, two fungal species were consistently observed 
throughout the 24-week period. These were L. laevis and P. prolifica. It is interesting 
to note that while Lulworthia sp. was consistently recorded for the control, it 
occurred sporadically in the pre-inoculated blocks. Likewise, C. pygmea was 
recorded in the first half of the study in the control, but appeared sporadically in the 
pre-inoculated blocks. in both the control and the pre-inoculated blocks, A. parvus 
and V. enalia appeared only in the second half of the study.  
 
In terms of species colonization, the fungus used in the pre-inoculation, L. laevis, 
appeared in both the control and the pre-inoculated blocks. In both treatments, the 
fungus showed a similar increasing occurrence initially, followed by a gradual 
decrease with time. The difference was that the fungus had an overall higher 
percentage on the pre-inoculated blocks. Other than the inoculant, two other fungal 
species showed at least 10% species colonization on at least one occasion on both 
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the control and the pre-inoculated blocks. These were A. parvus and P. prolifica. In 
both treatments, A. parvus showed a sharp increase in species colonization of the 
submerged blocks. In the case of P. prolifica, its occurrence generally decreased over 
time for the control, but fluctuated throughout the 24-week period for the 
pre-inoculated blocks.  
 
On the whole, the total number of fruit bodies counted for each 4-weekly collection 
for the pre-inoculated blocks (653 ± 107 to 3318 ± 872) was higher than that of the 
control (325 ± 61 to 689 ± 301). It was also noted that while the number for the 
control fluctuated over the 24-week period, that for the pre-inoculated wood showed 
an initial increase and then a decline over the period.  
 
High L. laevis fruit body counts were consistently recorded on both the control and 
the pre-inoculated blocks. Fruit body counts were consistently higher on the 
pre-inoculated blocks than on the control. In both treatments, the number of L. laevis 
fruit bodies showed an initial increase over the first 8 weeks, before decreasing over 
the rest of the study period. Apart from the inoculant species (L. laevis), A. parvus 
also showed a high fruit body count on at least one occasion in both treatments. In 
both treatments, the fruit body count increased sharply over a 4 week interval.  
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5.2.6 R. apiculata Test Blocks Pre-inoculated with V. enalia 
Fourteen species were recorded on R. apiculata test blocks pre-inoculated with V. 
enalia (Table 13). Of these, eight were Ascomycetous fungi and six were 
Hyphomycetous fungi. The number of species recorded from each 4-weekly 
collection ranged from 5 (week 12) to 10 (week 24). An average of 7 ± 1 species was 
recorded for the study period. The percentage of surface colonization by at least one 
fungal taxon ranged from 38 ± 2% (week 4) to 61 ± 4% (week 12).  
 
Throughout the 24-week submersion, fungal species were recorded at different time 
of retrieval, but L. laevis, V. enalia (the inoculant species) and P. prolifica were the 
only three species consistently recorded. Lulworthia sp. also occurred consistently 
throughout the 24-week study, except on week 8. Five species, namely A. 
chesapeakensis (week 4, 8 and 24), Aniptodera sp. (week 4 and 24), S. paucispora 
(week 8, 20 and 24), C. pygmea (week 4, 16, 20 and 24) and R. sphaerospora (week 
8, 12, 16 and 24) occurred sporadically, while five species, namely A. parvus, A. 
longispora, Cephalosporium sp. C. macrocephala and H. alopallonella were 
recorded only once throughout the study.  
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Table 13 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on R. apiculata 
test blocks pre-inoculated with V. enalia, over 24 weeks. All values expressed with standard 
error. 
Species Colonization (%) 
S/N Taxa 











      












Ascomycetes       
2 Aigialus parvus  - - - - - 4.1 ± 
4.1 




- - - 0.2 ± 
0.2 
4 Aniptodera longispora Hyde 0.1 ± 
0.1 
- - - - - 
5 Aniptodera sp.1 0.3 ± 
0.3 
- - - - 0.8 ± 
0.6 












7 Lulworthia sp. 0.5 ± 
0.5 








8 Savoryella paucispora  - 0.2 ± 
0.2 




Hyphomycetes       
9 Cephalosporum sp. - - - - 5.0 ± 
5.0 
- 
10 Cirrenalia macrocephala  - 1.9 ± 
1.9 
- - - - 
11 Cirrenalia pygmea  2.1 ± 
2.1 






12 Humicola alopallonella - - - - 4.5 ± 
4.5 
- 













Species Colonization (%) 
S/N Taxa 















- 0.3 ± 
0.3 
Total number of species 8 7 5 6 8 10 
Average number of fungal species 
overall 24 weeks 
7 ± 1 
Percentage of surface with at least 














 The pre-inoculated V. enalia showed more than 10% species colonization 
throughout the 24-week study. The initial low 19 ± 4 % (week 4) rose to 31 ± 5% 
over 4 weeks. Thereafter, for the next 20 weeks, the species colonization remained 
high, fluctuating between 24 ± 6% (week 16) to 39 ± 10% (week 12). L. laevis and P. 
prolifica, both of which were consistently recorded, also showed more than 10% 
species colonization on at least one occasion. In the case of L. laevis, the species 
colonization exceeded 10% in week 8, 12 and 16, but declined after 16 weeks. The 
species colonization of P. prolifica exceeded 10% in weeks 4, 8, 16 and 20.  
 
The majority of the other fungi, namely A. parvus, A. chesapekensis, A. longispora, 
Aniptodera sp. 1, Lulworthia sp., S. paucispora, Cephalosporium sp., C. 
macrocephala, C. pygmea, H. alopallonella and R. sphaerospora showed low or 
negligible percentage of species colonization.  
 
The total number of fruit bodies counted for each period of submergence ranged 
between 427 ± 32 (Week 4) and 1176 ± 193 (Week 12, Table 14). The initial low 
number of fruit bodies in week 4 (427 ± 32) increased sharply to 1117 ± 388 and 
remained high in week 8, before decreasing to 676 ± 303 by week 24.  
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Table 14 List of Ascomycete species and number of fruit bodies recorded on R. apiculata 
block pre-inoculated with V. enalia, over 24-week period. All values expressed with standard 
error. 
Number of  fruit bodies 
S/N Ascomycete species 









Pre-inoculated species       












Ascomycetes       
2 Aigialus parvus  
 
- - - - - 49 ± 49 
3 Aniptodera chesapeakensis  
 
96 ± 50 3 ± 3 - - - 2 ± 2 
4 Aniptodera longispora  
 
1 ± 1 - - - - - 
5 Aniptodera sp.1 
 
7 ± 7 - - - - 6 ± 5 






43 ± 16 70 ± 34 
7 Lulworthia sp. 3 ± 3 - 129 ± 
98 
1 ± 1 4 ± 3 25 ± 22 
8 Savoryella paucispora 
 
- 1 ± 1 - - 1 ± 1 2 ± 2 
Average number of fruit bodies  
427 ±  
32 
1117 ±  
388 
1176 ±  
193 








Overall, the inoculant species, V. enalia, yielded the highest fruit body count of 
between 250 ± 49 (week 4) to 854 ± 327 (week 12). Apart from the inoculant species, 
high number of fruit bodies was also recorded for L. larvis, but on week 8 (319 ± 
191) only. Although Lulworthia sp. was present for most part of the study period, its 
fruit body count was generally low or negligible. Likewise, the infrequently 
observed fungi (A. parvus, A. chesapeakensis, A. longispora, Aniptodera sp. 1 and S. 
paucispora) also showed low or negligible fruit body counts. 
 
5.2.7 Comparison between R. apiculata Control and Test Blocks 
Pre-inoculated with V. enalia 
The number of fungal species recorded for R. apiculata test blocks pre-inoculated 
with V. enalia (14)(Table 13) was lower to that of the control (17)(Table 5). However, 
the average number of fungal species recorded over the 24-week period was 
comparable on both the control (7 ± 1) and pre-inoculated (7 ± 1) blocks. The 
percentage of surface colonization by at least one fungal taxon on the other hand, 
was comparable for both the control (ranged from 38 ± 4% to 60 ± 6%) and 
pre-inoculated test blocks (ranged from 38 ± 2 to 61 ± 4%).  
 
Of the 14 species recorded on the pre-inoculated test blocks, 12 were common to that 
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of the control. The two species unique to the pre-inoculated test blocks were A. 
longispora and Cephalosporium sp.  
 
The Jaccard and Sorenson coefficients were used to determine how similar the 
fungal species for the two treatments were over the 24-week period. While the 
Jaccard coefficient for the 24-week period ranged from 0.23 (week 20) to 0.57 (week 
4, 12 and 16) with an average of 0.45 ± 0.06, the Sorenson coefficient ranged from 
0.38 (week 20) to 0.73 (week 4, 12 and 16) with an average of 0.62 ± 0.05 (Table 
15).  
 
In both the control and treatment, two species were consistently observed throughout 
the 24-week period. These were L. laevis and P. prolifica. It is interesting to note that 
Lulworthia sp., consistently recorded on the control, was frequently recorded on the 
pre-inoculated blocks (occurring in all weeks except week 8). On the other hand, V. 
enalia, sporadically seen in the control, was consistently observed on the 
pre-inoculated blocks.  
 
In terms of percentage species colonization, two species showed at least 10% 
colonization on at least one occasion in both the control and the pre-inoculated 
blocks. These were L. laevis and P. prolifica. In both treatments, L. laevis showed a  
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Table 15 Jaccard and Sorenson coefficients for comparisons between the R. apiculata 
control and test blocks pre-inoculated with V. enalia. 
Week 
 
Jaccard Coefficient Sorenson Coefficient 
4 0.56 0.71 
8 0.33 0.50 
12 0.57 0.73 
16 0.57 0.73 
20 0.23 0.38 
24 0.45 0.63 
Average 0.45± 0.06 0.62 ± 0.05 
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similar trend, i.e. an initial increase in percentage species colonization followed by a 
subsequent decline over time. The difference was that the percentage was generally 
higher in the control than in the pre-inoculated blocks. In the case of P. prolifica, its 
percentage generally decreased in presence over time in the control, but it fluctuated 
in the pre-inoculated blocks. 
 
The inoculant species, V. enalia, also showed more than 10% species colonization 
throughout the 24-week period on the pre-inoculated blocks. This was in sharp 
contrast to the control, where V. enalia was infrequently encountered with 
colonization not exceeding 2%.  
 
Generally, the total average number of fruit bodies recorded on each 4-weekly 
collection for the pre-inoculated blocks (427 ± 32 to 1176 ± 388) was higher than 
that of the control (325 ± 61 to 689 ± 301). Its count also fluctuated (i.e. showed an 
initial increase and a subsequent decrease with longer period of submergence), 
compared to the more consistent count for the control.  
 
It was observed that high L. laevis fruit body counts were recorded on a few 
occasions in both the control and the pre-inoculated blocks. The counts were 
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consistently higher in the control compared to the pre-inoculated blocks. In both 
treatments, the number of L. laevis fruit bodies initially increased over the first 8 
weeks and then declined for the rest of the study period. It can also be seen that V. 
enalia fruit bodies were consistently recorded in high numbers on the pre-inoculated 
blocks, but not so in the control where the fungus appeared infrequently and had low 
fruit body counts.  
 
5.2.8 Comparisons between R. apiculata Control and Test Blocks 
Pre-inoculated with A. chesapeakensis, L. laevis and V. enalia  
From the results of this study involving pre-inoculation of R. apiculata test blocks 
with each of the three inoculant fungi (A. chesapeakensis, L. laevis, V. enalia), the 
following general observations were made: 
 
On the whole, the fungal diversity on the control and pre-inoculated test blocks were 
very similar, with the exception of test-blocks pre-inoculated with V. enalia where 
relatively fewer species were recorded (14) (Table 13) in comparison with the 
control (17) (Table 5). However, the average number of fungal species on the 
pre-inoculated test blocks over the 24-week study was significantly higher than that 
of the control, with the exception of test-blocks pre-inoculated with V. enalia, where 
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the average of 7.3 ± 0.7 species recorded was comparable to the average of 6.8 ± 0.6 
species recorded on the control. 
 
In terms of percentage of wood surface colonized with at least one fungal taxon, the 
pre-inoculated blocks were comparable to the control, with percentage ranging 
generally from 40 to 60%. There were no observable trends in the percentage surface 
colonization by at least one fungal taxon, with the exception of test blocks 
pre-inoculated with L. laevis, where the percentages decreased with longer period of 
submergence. 
 
The number of fungal species common to the control and treatments over the 
24-week period was fairly similar. While test blocks pre-inoculated with A. 
chesapeakensis yielded 14 species common to the control, blocks pre-inoculated 
with L. laevis yielded 13 and blocks pre-inoculated with V. enalia yielded 12 species 
common to their respective controls. Consequently, the Jaccard and Sorenson 
coefficients in the three pre-inoculation studies were very similar, with an average of 
about 0.5 for the Jaccard and 0.7 for the Sorenson coefficients. 
 
Overall, 11 fungal species were common on all treatments (control and blocks 
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pre-inoculated with each of the three test fungi). These were A. parvus, A. 
chesapeakensis, Aniptodera sp. 1, L. laevis, Lulworthia sp., S. paucispora, V. enalia, 
C. pygmea, H. alopallonella, P. prolifica and R. sphaerospora. Of these, L. laevis 
and P. prolifica were consistently observed on all treatments throughout the 24-week 
period. Lulworthia sp. was also consistently observed on the control as well as 
blocks pre-inoculated with A. chesapeakensis and with V. enalia. It is also interesting 
to note that A. parvus and V. enalia occurred in the second half of the study (after 16 
weeks) in all treatments, except for blocks pre-inoculated with V. enalia, where the 
inoculant V. enalia was consistently observed throughout the 24-week period.  
 
Apart from the 11 fungal species that were common to all treatments, two species, 
namely H. quadricornuta and Z. maritima, were common to test blocks 
pre-inoculated with A. chesapeakensis and with L. laevis and control, while C. 
macrocephala was common to test blocks pre-inoculated with A. chesapeakensis and 
with V. enalia and control.  
 
While the average number of fruit bodies for the control and blocks pre-inoculated 
with A. chesapeakensis was comparable, the average number of fruit bodies for 
blocks pre-inoculated with L. laevis and with V. enalia were higher than the control. 
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Moreover, the fruit body counts for the control and blocks pre-inoculated with A. 
chesapeakensis fluctuated without any discernable pattern, whereas the counts for 
blocks pre-inoculated with L. laevis and with V. enalia showed an increasing 
followed by a decreasing pattern. 
 
For the three pre-inoculation treatments, each of the inoculant fungus used showed 
high percentages of species colonization and high fruit body counts for the first 
collection (Week 4). Two of the inoculants, L. laevis and V. enalia, continued to 
show increased percentage species colonization and fruit body counts for the 
subsequent two collections. Blocks pre-inoculated with A. chesapeakensis however, 
showed a drastic decrease in percentage species colonization and fruit body counts 
of the fungus after the first four weeks. The species colonization and fruit body 
counts for A. chesapeakensis and L. laevis generally corresponded with those of its 
respective control. The difference was that the percentages and counts were 
generally higher in the pre-inoculated blocks, than the respective control. V. enalia 
however was different. Its species colonization and fruit body counts were 
consistently high throughout the 24-week period on the pre-inoculated blocks, but 
the fungus was infrequently observed on the control and its percentage species 
colonization was lower than 2%. 
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5.3  Study with S. caseolaris Wood 
The list of fungal species with its percentgae species colonization of the wood 
surfaces, the number of species recorded, the average number of species over the 
period of study, and the percentage colonization of wood surfaces by at least one 
fungal taxon for each treatment on S. caseolaris blocks over the 24-week study, are 
presented in Tables 16, 18, 21 and 24. The total and average number of fruit bodies 
of the Ascomycetous and Basidiomycetous species recorded are presented in Tables 
17, 19, 22 and 25. 
 
5.3.1 Control S. caseolaris Test Blocks (not pre-inoculated with any fungus) 
Twenty-six fungal species were recorded on the uninoculated S. caseolaris control 
test blocks (Table 16). Of these, 19 were Ascomycetous fungi and seven were 
Hyphomycetous fungi. The number of species recorded from each 4-weekly 
collection ranged from 12 (week 4) to 16 (week 16 and 20). An average of 15 ± 1 
species was recorded for the period of study. The percentage of wood surface 
colonization by at least one fungal taxon on the other hand, fluctuated without any 




Table 16 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on S. caseolaris 
test blocks, over 24 weeks. All values expressed with standard error. 
Species Colonization (%) 














      




- - - - - 
2 Aigialus parvus  - - - - 0.1 ± 
0.1 
- 











4 Aniptodera longispora  0.1 ± 
0.1 
- - - - - 




















7 Aniptodera sp. 3 - - 0.4 ± 
0.2 
- - 0.8 ± 
0.8 
8 Halosarpheia fibrosa Kohlm. et 
Kohlm. 
- 0.1 ± 
0.1 
- - - - 










10 Halosarpheia retorquens  0.5 ± 
0.5 
- - - 0.2 ± 
0.2  
- 
11 Halosarpheia viscosa (I. Schmidt) 
Shearer et Crane ex Kohlm. et 
Volkm.-Kohlm. 



















13 Leptosphaeria australiensis  - 0.6 ± 
0.6 
- - 0.1 ± 
0.1 
- 













Species Colonization (%) 
























16 Nais inornata  - - - - - 0.3 ± 
0.2 








- 0.9 ± 
0.8 












19 Verruculina enalia - - 0.7 ± 
0.4 




Hyphomycetes       
20 Cirrenalia macrocephala  0.3 ± 
0.3 
- - - - - 
21 Cirrenalia pygmea  - - - 0.4 ± 
0.4 
- - 
































25 Zalerion maritima  - 0.7 ± 
0.7 
- 0.2 ± 
0.2 
- - 
26 Sclerocarp  - - - 0.2 ± 
0.2 
- - 
Total number of species 12 14 15 16 16 14 
 Average number of fungal species 
overall 24 weeks 
15 ± 1 
Percentage of surface with at least one 















Throughout the 24-week study, fungal species were recorded for the different periods 
of exposure of the test blocks in the mangrove. Six species, namely Aniptodera sp. 1, 
L. laevis, Lulworthia sp., S. paucispora, P. prolifica and R. sphaerospora were 
consistently recorded throughout the study. H. marina and H. quadricornuta were 
not observed during the first 4 weeks, but they were observed through the remaining 
20 weeks of study. 
 
On the other hand, A. chesapeakensis was observed during the first 20 weeks, but 
not in the last four weeks (week 24). S. lignicola was also observed throughout the 
24-week period, with the exception of week 20 where it was absent. 
 
It was observed that Aniptodera sp. 2, H. alopallonella and V. enalia occurred only 
in the second half of the study (weeks 16 to 24) only. Six species occurred 
sporadically. These were Aniptodera sp. 3 (week 12 and 24), H. retorquens (week 4 
and 20), H. viscosa (week 8, 12, 16 and 20), L. australiensis (week 8 and 20) and Z. 
maritima (week 8 and 16). The remaining eight species, namely Acrocordiopsis 
patili, A. parvus, A. longispora, H. fibrosa, N. maritima, C. macrocephala, C. 
pygmea and a fungus forming only sclerocarps were each recorded only once 
throughout the study.  
122 
Seven species colonized more than 10% surface on at least one occasion. These were 
A. chesapeakensis, Aniptodera sp.1, H. quadricornuta, L. laevis, Lulworthia sp., P. 
prolifica and R. sphaerospora. Of these, L. laevis consistently exceeded 10% species 
colonization during the 24-week study, while Lulworthia sp. and P. prolifica 
exceeded 10% species colonization on five occasions. In the case of L. laevis, the 
percentage species colonization generally increased from week 4 (14 ± 1 %) to week 
16 (25 ± 5%), before decreasing to 11 ± 4% in week 24. Lulworthia sp. likewise, 
showed an initial increase in percentage species colonization for the first 8 weeks, 
from 3 ± 1% to 15 ± 7%. Subsequently, the occurrence of Lulworthia sp. remained 
fairly constant, fluctuating within the range of 15 ± 4% (week 12) to 17 ± 5% (week 
20). In contrast, the occurrence of P. prolifica generally declined with time as shown 
by the initially high 29 ± 5 % (week 4) decreasing to 10 ± 4% (week 24). 
 
Of the other four fungi with species colonization exceeding 10% on at least one 
occasion, R. sphaerospora showed more than  10% colonization in weeks 4, 8, 16 
and 20, Aniptodera sp. 1, H. quadricornuta in weeks 16, 20 and 24, and A. 
chesapeakensis in week 4 only. Aniptodera sp. 1 and H. quadricornuta increased 
markedly from a low or negligible percentage colonization in the first half of the 
study, to a high percentage colonization in the second half of the study. R. 
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sphaerospora, on the other hand, showed generally high percentage colonization, 
except for weeks 12 and 24, when its occurrence declined markedly to less than 1% 
colonization. In the case of A. chesapeakensis, the initial high species colonization 
(34 ± 3%, week 4) either declined drastically over time or the fungus was totally 
absent. 
 
The majority of the remaining fungi, irrespective of whether they were frequently 
observed (H. marina, S. lignicola and S. paucispora) or infrequently observed (A. 
patili, A. parvus, A. longispora, Aniptodera sp. 2, 3, H. fibrosa, H. retorquens, L. 
australiensis, N. inornata, V. enalia, C. macrocephala, C. pygmea, H. alopallonella, 
Z. maritima and sclerocarpous fungus), consistently showed low or negligible 
percentage species colonization.  
 
Following a high initial count in week 4 (1121 ± 153 fruit bodies), the average 
number of fruit bodies generally increased with period of submergence (745 ± 125 in 
week 8 to 1613 ± 200 in week 24) (Table 17). A. chesapeakensis, Aniptodera sp. 1, 
H. marina and H. quadricornuta, showed high fruit body counts on at least one 
occasion, while high fruit body counts of L. laevis and Lulworthia sp. were generally 
recorded throughout the study. In the case of L. laevis, fruit body counts were 
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Table 17 List of Ascomycete species and number of fruit bodies recorded on S. caseolaris 
block over 24-week period. All values expressed with standard error. 
Number of fruit bodies per block  












1 Acrocordiopsis patili  
 
1 ± 1 - - - - - 
2 Aigialus parvus  
 
- - - - 1 ± 1 - 
3 Aniptodera chesapeakensis  759 ± 
124 
39 ± 11 6 ± 2 13 ± 9 3 ± 3  
4 Aniptodera longispora 
  
1 ± 1 - - - - - 






6 Aniptodera sp. 2 
 
- - 11 ± 9 47 ± 38 31 ± 17 24 ± 18 
7 Aniptodera sp. 3 
 
- - 9 ± 6 - - 17 ± 17 
8 Halosarpheia fibrosa  
 
- 1 ± 1 - - - - 








10 Halosarpheia retorquens 
  
8 ± 8 - - - 2 ± 2 - 
11 Halosarpheia viscose 
 
- 2 ± 2 2 ± 1 8 ± 5 1 ± 1 - 






13 Leptosphaeria australiensis 
  
- 7 ± 7 - - 6 ± 6 - 






















16 Nais inornata  
 
- - - - - 5 ± 4 
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Number of fruit bodies per block  












17 Savoryella lignicola  
 
2 ± 2 1 ± 1 2 ± 2 3 ± 2 - 18 ± 18 
18 Savoryella paucispora 
 
4 ± 4 1 ± 1 34 ±30 13 ± 7 4 ± 4 1 ± 1 
19 Verruculina enalia 
 
- - 8 ± 5 - 31 ± 20 20 ± 18 














generally high, ranging from 193 ± 84 (week 24) to 507 ± 94 (week 16). The counts 
also steadily increased over the first 16 weeks of the study, before declining to a low 
193 ± 84 fruit bodies in week 24. Lulworthia sp. on the other hand, showed a sudden 
increase from a low fruit body count (33 ± 20, week 4) to a high count (273 ± 142, 
week 8) in 4 weeks. Thereafter, the counts fluctuated narrowly within the range of 
193 ± 53 (week 24) to 273 ± 142 (week 8) over the next 16 weeks.  
 
Of the four other species with a large number of fruit bodies recorded, A. 
chesapeakensis yielded a high fruit body count only once in week 4, Aniptodera sp.1 
and H. quadricornuta thrice in the second half of the study, and H. marina four times 
from week 12 to 24. In the case of A. chesapeakensis, the initial high count in week 
4 (759 ± 124) declined markedly over the following 16 weeks. On the contrary, 
Aniptodera sp. 1, H. marina and H. quadricornuta generally showed increased fruit 
body counts after the initial period of subemersion.  
 
Irrespective of whether they were frequently (S. lignicola and S. paucispora) or 
infrequently (A. patili, A. parvus, A. longispora, Aniptodera sp. 2, 3, H. fibrosa, H. 
retorquens, H. viscosa, L. australiensis, N. inornata, and V. enalia) observed, the 
remaining fungi generally yielded low fruit body counts in the study.  
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5.3.2 S. caseolaris Test Blocks Pre-inoculated with A. chesapeakensis 
Twenty-two fungal species were recorded on S. caseolaris test blocks pre-inoculated 
with A. chesapeakensis (Table 18). These consisted of 15 Ascomycetous fungi, one 
Basidiomycetous fungus, and six Hyphomycetous fungi. The number of species 
recorded from each 4-weekly collection ranged from 8 (week 24) to 14 (week 8) and 
an average of 11 ± 1 species was recorded over the 24-week period. The percentage 
of wood surface colonized by at least one fungal taxon generally increased over time 
from 31 ± 2 % in week 4 to 55 ± 4 % in week 24. 
 
Different fungal species were recorded at different time of retrieval, but four species 
were consistently recorded in the 24-week study. These were Aniptodera sp. 1, L. 
laevis, Lulworthia sp. and P. prolifica. Apart from these consistently recorded 
species, H. marina was also recorded in all weeks except one (week 4) of the study. 
The pre-inoculated A. chesapeakensis was observed only in the first half of the study 
(from week 4 to week 16). H. quadricornuta and V. enalia on the other hand, were 
observed only in the second half of the study. Of the remaining 14 species, six 
species namely Aniptodera sp. 2 (week 4, 8, 12 and 16), H. retorquens (week 8 and 
12), S. paucispora (week 4 and 8), C. pygmea (week 4, 8 and 20), R. sphaerospora 
(week 4, 8 and 20) and Z. maritima (week 4 and 8) occurred sporadically. Eight  
128 
Table 18 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on S. caseolaris 
test blocks, pre-inoculated with A. chesapeakensis, over 24 weeks. All values expressed with 
standard error. 
Species Colonization (%) 












Pre-inoculated species       









Ascomycetes       





















4 Aniptodera sp.4 - 0.1 ± 
0.1 
- - - - 














- - - 
7 Halosarpheia viscosa - 0.1 ± 
0.1 
- - - - 








9 Leptosphaeria australiensis  - - - - - 0.5 ± 
0.5 
























12 Nais inornata - - - 0.1 ± 
0.1 
- - 
13 Savoryella lignicola  - - 0.4 ± 
0.3 
- - - 




- - - - 
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Species Colonization (%) 


















Basidiomycetes        
16 Halocyphina villosa Kohlm. et 
Kohlm. 
- - - - 1.5 ± 
1.5 
- 
Hyphomycetes       
17 Cephalosporium sp. 0.4 ± 
0.4 
- - - - - 




- - 0.6 ± 
0.6 
- 
















- - 0.3 ± 
0.3 
- 




- - - - 
22 Sclerocarp - - - 0.1 ± 
0.1 
- - 
Total number of species 10 14 10 11 10 8 
Average number of fungal species 
overall 24 weeks 
11 ± 1 
Percentage of surface with at least one 















species, namely Aniptodera sp. 4, H. viscosa, L. australiensis, N. inornata, S. 
lignicola, H. villosa, Cephalosporium sp. and a fungus forming only sclerocarps 
were recorded only once throughout the study. 
 
During the course of the 24-week study, five species showed more than 10% 
colonization on at least one occasion. These were A. chesapeakensis, Aniptodera 
sp.1, L. laevis, Lulworthia sp. and V. enalia. In the case of the inoculated fungus, A. 
chesapeakensis, a high percentage species colonization was recorded initially in 
week 4 (18 ± 3%). This declined rapidly to a low or negligible percentage over the 
next 12 weeks. On the other hand, species colonization of Aniptodera sp. 1, L. laevis, 
Lulworthia sp. and V. enalia, generally increased with time. In the case of 
Aniptodera sp. 1, the species colonization increased from a low 3 ± 3% (week 4) to 
38 ± 4% (week 20) before dipping to 21 ± 6% in week 24. V. enalia, which occurred 
in the second half of the study, likewise showed an increased from an initially low 1 
± 0.2% (weeks 16 and 20) to 12 ± 5% in week 24. In the case of L. laevis, the 
species colonization increased from 6 ± 2% (week 4) to about 17 ± 4% (weeks 8 and 
12) before it declined to 1 ± 1% (week 24). The percentage species colonization of 
Lulworthia sp. however, fluctuated up and down within the 24-week study.   
 
131 
The rest of the fungi, irrespective of whether they were observed frequently (H. 
marina and P. prolifica) or infrequently (Aniptodera sp. 2, 4, H. retorquens, H. 
viscosa, L. australiensis, N. maritima, S. lignicola, S. paucispora, H. villosa, 
Cephalosporium sp., C. pygmea, R. sphaerospora, Z. maritima and sclerocarp), 
consistently showed low or negligible percentage species colonization.  
 
Counts were made of the discreet fruit bodies formed on the wood surfaces by 
Ascomycetous and Basidiomycetous fungi. The total number of fruit bodies counted 
for each period of retrieval generally increased from 437 ± 61 to 892 ± 141 over the 
first 20 weeks, before a slight dip to 698 ± 126 in week 24 (Table 19). Of the 16 
Ascomycetous and Basidiomycetous species recorded in the study, six showed high 
fruit body counts for at least one sampling period in the study. These were A. 
chesapeakensis (the pre-inoculated fungus), Aniptodera sp. 1, H. quadricornuta, L. 
laevis, Lulworthia sp. and V. enalia. In the case of the A. chesapeakensis, the initial 
high fruit body count (237 ± 41, week 4) declined sharply over the next 16 weeks (2 
± 2, week 16). In the case of Aniptodera sp. 1, the initial low count for the first 8 
weeks (36 ± 30 and 89 ± 88) rose sharply to counts ranging from 245 ± 88 (week 24) 
to 412 ± 75 (week 20). H. quadricornuta, likewise had an initial low count of 5 ± 5  
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Table 19 List of Ascomycete species and number of fruit bodies recorded on S. caseolaris 
block, pre-inoculated with A. chseapeakensis, over 24-week period. All values expressed 
with standard error. 
Number of fruit bodies per block 
S/N Taxa 









Pre-inoculated species       
1 Aniptodera chesapeakensis  237 ± 
41 
27 ± 15 20 ± 17 2 ± 2 - - 
Ascomycetes       








3 Aniptodera sp. 2 
 
- 3 ± 3 5 ± 3 8 ± 6 1 ± 1 - 
4 Aniptodera sp.4 
 
- 1 ± 1 - - - - 
5 Halosarpheia marina 
 
- 20 ± 12 59 ± 38 50 ± 27 56 ± 25 3 ± 3 
6 Halosarpheia retorquens  
 
- 4 ± 3 3 ± 2 - - - 
7 Halosarpheia viscosa  
 
- 2 ± 2 - - - - 




9 Leptosphaeria australiensis 
  
- - - - - 6 ± 6 






79 ± 44 9 ± 7 
11 Lulworthia sp. 36 ± 15 85 ± 31 2 ± 2 91 ± 76 190 ± 
108 
90 ± 52 
12 Nais inormata  - - - 1 ± 1 - - 
13 Savoryella lignicola 
 
- - 4 ± 3 - - - 
14 Savoryella paucispora  
 
1 ± 1 4 ± 3 - - - - 
15 Verruculina enalia  - - - 3 ± 2 3 ± 3 147 ± 
73 
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Number of fruit bodies per block 
S/N Taxa 









Basidiomycete       
16 Halocyphina villosa  
 
- - - - 10 ± 10 - 















(week 12) that rose sharply to a high count of 197 ± 145 (week 24). For V. enalia, 
fruit body count was low for the first 8 weeks of its occurrence (weeks 16 and 20), 
but high in week 24 (147 ± 73). 
 
The majority fungi, namely Aniptodera sp. 2, 4, H. retorquens, H. viscosa, L. 
australiensis, N. inornata, S. lignicola, S. paucispora and H. villosa, consistently 
showed low or negligible fruit body count throughout the study. 
 
5.3.3 Comparison between S. caseolaris Control and Test Blocks 
Pre-inoculated with A. chesapeakensis 
The number of fungal species recorded for S. caseolaris test blocks pre-inoculated 
with A. chesapeakensis (22) (Table 18) was comparable to that of the control (26) 
(Table 16). However, the average number of fungal species recorded for the 24-week 
study was lower for on the pre-inoculated blocks (11 ± 1) compared to the control 
(15 ± 1). The percentage of wood surface colonization by at least one fungal taxon 
was similarly, lower for the pre-inoculated test blocks (ranged from 31 ± 3% to 58 ± 
4%) compared to the control (ranged from 52 ± 2% to 74 ± 5%).  
 
Of the 22 fungal species recorded on the pre-inoculated test blocks, 19 were 
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common to that of the control. The three species unique to the pre-inoculated test 
blocks were Aniptodera sp. 4, H. villosa and Cephalosporium sp. On the other hand, 
seven species found on the control were absent on the pre-inoculated blocks. These 
were A. patili, A. parvus, A. longispora, Aniptodera sp. 3, H. fibrosa, N. inornata, C. 
macrocephala and H. alopallonella.  
 
The Jaccard and Sorenson coefficients were used to access how similar the fungal 
diversity of the two treatments was over the 24-week period. While the Jaccard 
coefficient for the 24-week period ranged from 0.38 (week 4) to 0.60 (week 12), the 
Sorenson coefficient ranged from 0.55 (week 4) to 0.64 (week 12) (Table 20). Over 
the 24-week period, the Jaccard coefficient averaged 0.50, while the Sorenson 
coefficient averaged 0.66. 
 
In both the control and treatment, Aniptodera sp. 1, L. laevis, Lulworthia sp. and P. 
prolifica were consistently observed throughout the 24-week period. It is interesting 
to note that while S. paucispora and R. sphaerospora were consistently observed in 
the control, they appeared only sporadically in the pre-inoculated blocks. A. 
chesapeakensis was generally present throughout the control (except last 4 weeks), 
while it was present only in the last 8 weeks for the pre-inoculated blocks.  
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Table 20 Jaccard and Sorenson coefficients for comparisons between the S. caseolaris 
control and test blocks pre-inoculated with A. chesapeakensis 
Week 
 
Jaccard Coefficient Sorenson Coefficient 
4 0.38 0.55 
8 0.56 0.71 
12 0.60 0.75 
16 0.50 0.67 
20 0.50 0.67 
24 0.47 0.64 
Average 0.50 ± 0.03 0.66 ± 0.03 
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The fungus used in the pre-inoculation, A. chesapeakensis, appeared in both the 
control and the pre-inoculated blocks and similarly showed decreasing occurrence 
with time of submersion. It is interesting to note however, that in the control, the 
initial percentage species colonization (34 ± 3%) was almost twice that in the 
pre-inoculated blocks (18 ± 3%). Apart from A. chesapeakensis, three fungal species, 
namely Aniptodera sp.1, L. laevis and Lulworthia sp., generally showed more than 
10% species colonization in both the control and pre-inoculated blocks. In both 
treatments, Aniptodera sp. 1 showed a marked increase in percentage species 
colonization over time, colonizing more than 20% for the last 8 weeks. Lulworthia 
sp. likewise showed an increase in percentage species colonization over time, but 
only in the control and not in the pre-inoculated blocks. On the other hand, in both 
the control and the treatment, L. laevis showed an increase in percentage species 
colonization which was followed by a decrease. The percentage species colonization 
of L. laevis was also higher in the control than the pre-inoculated blocks. The 
percentage species colonization of H. quadricornuta in both the control and 
pre-inoculated blocks was similar to that of L. laevis in that it generally increased 
with duration of submergence.  
 
On the whole, the average number of fruit bodies counted for the control (937 ± 104 
138 
to 1614 ± 199) (Table 19) was higher than that for the pre-inoculated blocks (437 ± 
61 to 892 ± 141) (Table 17). While the counts for the pre-inoculated blocks generally 
increased with duration of submergence, the counts on the control dipped initially 
before increasing in the subsequent weeks.  
 
The fruit body counts of L. laevis on the control blocks were consistently the highest 
throughout the period of the study, while on pre-inoculated blocks, high counts were 
seen for weeks 8, 12 and 16. The pattern was similar for A. chesapeakensis. In both 
the control and treatment, it yielded the highest number of fruit bodies in week 4. 
After which the counts counts declined sharply over time. The difference between 
the two treatments was that the number of fruit bodies for the control (759 ± 124) 
was almost three times as high as that for the pre-inoculated blocks (237 ± 41) in 
week 4. 
 
Apart from A. chesapeakensis and L. laevis, three other fungal species showed high 
fruit body counts in both the control and treatment. These were Aniptodera sp. 1, H. 
quadricornuta and Lulworthia sp. In the case of Aniptodera sp. 1, fruit body counts 
in both control and treatment increased with time over the first 20 weeks and 
followed by a decrease over the following four weeks. This was also the trend for the 
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counts of H. quadricornuta for the control, but not for the pre-inoculated blocks. The 
counts for the pre-inoculated blocks generally increased with time. In the case of 
Lulwothia sp., its fruit body count in the control increased from an initial low to a 
high value over the first 8 weeks, and thereafter remained high over the next 16 
weeks. In the treatment however, the count was high in week 20, and then generally 
fluctuated throughout the rest of the study period without any discernable pattern. 
 
5.3.4 S. caseolaris Test Blocks Pre-inoculated with L. laevis 
S. caseolaris test blocks pre-inoculated with L. laevis yielded 16 fungal species 
consisting of nine Ascomycetes and seven Hyphomycetes (Table 21). The number of 
species recorded from each 4-weekly collection ranged from 8 (week 4) to 13 (week 
20), and an average of 11 ± 1 species was recorded over the 24-week study period. 
The percentage of wood surface colonization by at least one fungal taxon fluctuated 
within the range of 37 ± 4% (week 8) to 51 ± 4% (week 20).  
 
Throughout the 24-week submersion, fungal species were recorded at different time 
of retrieval and six species, namely L. laevis, Aniptodera sp. 1, H. marina, 
Lulworthia sp., P. prolifica and R. sphaerospora were consistently recorded. Apart  
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Table 21 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on S. caseolaris 
test blocks pre-inoculated with L. laevis, over 24 weeks. All values expressed with standard 
error. 
Species Colonization (%) 












Pre-inoculated species       












Ascomycetes       




- 0.8 ± 
0.5 
- - 





































































      
10 Cephalosporum sp. 2.0 ± 
2.0 
- - - - - 
11 Cirrenalia pygmea  - 1.7 ± 
1.7 

























Species Colonization (%) 




























- - 0.7 ± 
0.5 
- 
16 Zalerion varium  - 0.3 ± 
0.3 
- - - - 
Total number of species 8 12 10 11 13 11 
Average number of fungal species 
overall 24 weeks 
11 ± 1 
Percentage of surface with at least one 















from these, V. enalia was also observed throughout the 24 week period, except in 
week 4. Two species were observed only in the second half of the period. These were 
H. quadricornuta and H. alopallonella. Five fungi, namely A. chesapeakensis (week 
4, 8 and 16), Aniptodera sp. 2 (week 8, 12, 20 and 24), S. paucispora (week 16 and 
20), C. pygmea (week 4, 20 and 24) and Z. maritima (week 4, 8 and 20) occurred 
sporadically, while two species, Cephalosporium sp. and Z. varium, occurred only 
once throughout the study.  
 
L. laevis, Aniptodera sp. 1, H. quadricornuta and Lulworthia sp. showed more than 
10% species colonization in at least one retrival through the 24-week study. The pre- 
inoculated L. laevis had more than 10% species colonization for the first 8 weeks of 
the study, but this decreased with time to only 1 ± 1% in week 24. Aniptodera sp. 1 
on the other hand, showed more than 10% species colonization from week 12 to 24. 
The initial low or negligible percentage colonization of Aniptodera sp. 1, increased 
markedly to 17 ± 3% in week 12 and thereafter remaining above 10% for the rest of 
the study period. In the case of H. quadricornuta, its species colonization fluctuated 
within the range of 2 ± 1% (week 12) to 8 ± 4% (week 20) but increased sharply to 
24 ± 6% in week 24. In the case of Lulworthia sp., its species colonization was 
above 10% in weeks 8, 12 and 20, but the values fluctuated within the range of 0.2 ± 
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0.2% (week 4) to 16 ± 8% (week 20) without any discernable trend.  
 
The rest of the frequent and infrequent fungi showed low or negligible percentage 
species colonization. These consisted of A. chesapeakensis, Aniptodera sp. 2, H. 
marina, S. paucispora, V. enalia, Cephalosporium sp., C. pygmea, H. alopallonella, 
P. prolifica, R. sphaerospora, Z. maritima and Z. varium. 
 
The total number of fruit bodies counted for each period of observation fluctuated 
within the range of 461 ± 95 (Week 8) to 1166 ± 714 (Week 4) over the 24-week 
study, without any discernable trend (Table 22). Four of the nine Ascomycetes 
showed high fruit body counts on at least one occasion. These were L. laevis 
(pre-inoculated species), Aniptodera sp. 1, H. quadricornuta and Lulworthia sp. The 
initial high fruit body count of L. laevis in week 4 (1108 ± 725) however decreased 
markedly in the following 4 weeks (214 ± 30), and continued to decrease till week 
24. Aniptodera sp. 1 on the other hand, showed an initial low fruit body count in the 
first 8 weeks, but this increased markedly by week 12 (255 ± 77) and thereafter the 
counts remained high up to week 24. The pattern for Lulworthia sp. was more 
variable. It showed a high fruit body count in weeks 8, 12 and 16, but these 
flucturated within the range of 3 ± 3 (week 4) to 274 ± 178 (week 12) over the  
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Table 22 List of Ascomycete species and number of fruit bodies recorded on S. caseolaris 
block, pre-inoculated with L. laevis, over 24-week period. All values expressed with 
standard error. 
Number of fruit bodies per block 
S/N Ascomycete species 









Pre-inoculated species       




91 ± 26 69 ± 10 86 ± 38 12 ± 6 
Ascomycetes       
2 Aniptodera chesapeakensis  
 
52 ± 34 6 ± 4 - 9 ± 6 - - 








4 Aniptodera sp. 2 
 
- 6 ± 5 10 ± 10 - 9 ± 9 2 ± 1 
5 Halosarpheia marina 
 
3 ± 2 1 ± 1 27 ± 17 85 ± 21 10 ± 10 4 ± 3 
6 Halosphaeria quadricornuta  - - 27 ± 20 136 ± 
100 
81 ± 42 602 ± 
215 








8 Savoryella paucispora 
 
- - - 1 ± 1 1 ± 1 - 
9 Verruculina enalia  
 
- 4 ± 4 1 ± 1 7 ± 7 57 ± 22 25 ± 25 















24-week period. In the case of H. quadricornuta, fruit body counts generally 
increased with time, from 27 ± 20 (week 12) to a high of 602 ± 215 (week 24). 
 
The remaining five fungi, which were either frequently (H. marina) or infrequently 
(A. chesapeakensis, Aniptodera sp. 2, Lulworthia sp., S. paucispora and V. enalia) 
observed, consistently showed low or negligible fruit body counts throughout the 
study. Among these, A. chesapeakensis yielded its highest fruit body count of 52 ± 
34 in week 4, but this gradually decreased over the next 20 weeks or fruit bodies 
were totally absent. 
 
5.3.5 Comparison between S. caseolaris Control and Test Blocks 
Pre-inoculated with L. laevis 
S. caseolaris test blocks pre-inoculated with L. laevis yielded a lower number of 
fungal species (16) (Table 21) compared to the control (26) (Table 16). The average 
number of fungal species recorded for the 24-week study was likewise, lower in the 
pre-inoculated block (11 ± 1) compared to the control (15 ± 1). The percentage of 
wood surface colonization by at least one fungal taxon was also lower for the 
pre-inoculated test blocks (ranged from 37 ± 4% to 51 ± 5%) compared to the 
control (ranged from 52 ± 2% to 74 ± 5%).  
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The pre-inoculated test blocks yielded 14 fungi that were common to the control, and 
only two species that were unique to the pre-inoculated test blocks. These were 
Cephalosporium sp. and Z. varium. On the other hand, twelve species which were 
found on the control, were absent on the pre-inoculated blocks. These were A. patili, 
A. parvus, A. longispora, Aniptodera sp. 3, H. fibrosa, H. retorquens, H. viscosa, L. 
australiensis, N. inornata, S. lignicola, C. macrocephala and the fungus forming 
only sclerocarps.  
 
The Jaccard and Sorenson coefficients used to compare the diversity of fungi on the 
control and the treatment generally increased with time (Table 23). The Jaccard 
coefficient increased from 0.40 in week 4 to 0.67 in week 24, while the Sorenson 
coefficient increased from 0.57 in week 4 to 0.80 in week 24. The Jaccard coefficient 
showed an average of 0.55 for the 24-week period, while the Sorenson coefficient 
averaged 0.71.  
 
Five species were consistently observed throughout the 24-week period in both 
control and the pre-inoculated blocks. These were Aniptodera sp. 1, L. laevis, 
Lulworthia sp., P. prolifica and R. sphaerospora. The rest of the fungi showed 
variation on their occurrence in the control and pre-inoculated blocks. For instance,  
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Table 23 Jaccard and Sorenson coefficients for comparisons between the S. caseolaris 
control and test blocks pre-inoculated with L. laevis 
Week 
 
Jaccard Coefficient Sorenson Coefficient 
4 0.40 0.57 
8 0.44 0.62 
12 0.60 0.75 
16 0.59 0.74 
20 0.61 0.76 
24 0.67 0.80 
Average 0.55 ± 0.04 0.71 ± 0.04 
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S. paucispora was consistently observed in the control but appeared only 
sporadically in the pre-inoculated blocks. On the other hand, H. marina was 
consistently observed on the pre-inoculated blocks, but not observed on the control 
blocks in the first four weeks.  
 
In terms of percentage species colonization, the fungus used in the pre-inoculation, L. 
laevis, showed a generally decreasing occurrence with time, in both the control and 
treatment. The difference was that the fungus had a higher percentage species 
colonization on the pre-inoculated blocks initially, and this decreased more markedly 
than that of the control over the next 20 weeks. Apart from L. laevis, two species 
showed generally more than 10% surface colonization on both control and the 
pre-inoculated blocks. These were Aniptodera sp.1 and Lulworthia sp. In both 
treatments, Aniptodera sp. 1 showed a marked increase in percentage colonization 
over time. The percentage species colonization for Lulworthia sp., likewise, showed 
an increase over time in the control, but there was no discernable pattern in the 
pre-inoculated blocks.  
 
The percentage species colonization in both the control and pre-inoculated blocks 
followed a very similar trend in two fungi, A. chesapeakensis and H. quadricornuta. 
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In A. chesapeakensis, the percentage species colonization decreased sharply with 
time in both the control and treatment, except that the initial percentage was much 
higher in the control (34%) than the treatment (5%). In the case of H. quadricornuta, 
the percentage species colonization also increased with period of submersion in both 
the control and treatment.  
 
Generally, the pre-inoculated blocks yielded higher total fruit body counts (461 ± 95 
to 1166 ± 714) (Table 22) than the control (937 ± 104 to 1614 ± 199) (Table 18).  
was generally higher than for the pre-inoculated blocks. The fruit body counts for the 
pre-inoculated blocks generally increased with time, while that for the control dipped 
initially before increasing with time on subsequent weeks. 
 
While a high fruit body count was recorded initially for L. laevis on the 
pre-inoculated blocks, it subsequently declined sharply over the next 20 weeks. This 
was different from that of the control, where the counts were consistently high 
throughout the study. It was noted that the initial fruit body count of L. laevis on the 
pre-inoculated blocks was higher than the highest number of fruit body recorded for 
L. laevis in the control.  
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On the other hand, the number of fruit bodies produced by A. chesapeakensis and 
Aniptodera sp. 1 followed very similar trends in their respective control and treated 
blocks. In A. chesapeakensis, the initial high fruit body count declined sharply with 
time, in both control and pre-inoculated blocks. The difference was that the initial 
count for the control (759 ± 124) was much higher than for the pre-inoculated blocks 
(52 ± 34). As for Aniptodera sp. 1, the initially low fruit body count increased 
sharply with time, in both the control and pre-incoulated blocks. 
 
5.3.6 S. caseolaris Test Blocks Pre-inoculated with V. enalia 
S. caseolaris test blocks pre-inoculated with V. enalia yielded 13 fungal species, of 
which nine were Ascomycetes and four were Hyphomycetes (Table 24). The number 
of species recorded for each 4-weekly collection generally increased with time, 
ranging from 3 (week 4) to 12 (week 20). An average of 7 ± 1 species was recorded 
for the 24-weeks study. The percentage of wood surface colonization by at least one 
fungal taxon increased over the 24-week period, ranging from 18 ± 5% (week 4) to 





Table 24 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species on S. caseolaris 
test blocks pre-inoculated with V. enalia, over 24 weeks. All values expressed with standard 
error. 
Species colonization (%) 
S/N Taxa 











      












Ascomycetes       












3 Aniptodera sp.1 - 0.2 ± 
0.1 






4 Aniptodera sp. 2 - - 0.1 ± 
0.1 
- 0.6 ± 
0.6 
- 
5 Aniptodera sp.3 - - - - 0.7 ± 
0.7 
- 





















9 Lulworthia sp. - 0.5 ± 
0.5 





Hyphomycetes       






11 Periconia prolifica  - 1.5 ± 
0.7 






12 Remicephala sphaerospora  - - - 0.2 ± 
0.2 
- - 
13 Zalerion maritima  - - 1.2 ± 
1.2 





Total number of species 3 6 5 9 12 8 
Average number of fungal species 
overall 24 weeks 
7 ± 1 
Percentage of surface with at least 















Although different fungal species were recorded with time of retrieval, three species 
were consistently recorded in the 24-week study. These were V. enalia 
(pre-inoculated species), A. chesapeakensis and L. laevis. H. alopallonella was 
observed occurred only in the second half pf the study period. While Aniptodera sp. 
1 (week 8, 16, 20 and 24), Aniptodera sp. 2 (week 12 and 20), H. marina (week 16 
and 20), H. quadricornuta (week 20 and 24), Lulworthia sp. (week 8, 16 and 20), P. 
prolifica (week 8, 16, 20 and 24) and Z. maritima (week 12, 20 and 24) were 
observed sporadically, Aniptodera sp. 3 and R. sphaerospora, were recorded only 
once in the study.  
 
The pre-inoculated V. enalia was the only fungal species that showed more than 10% 
species colonization throughout the 24-week period. The species colonization of V. 
enalia increased gradually with time, from 18 ± 5% in week 4 to 57 ± 9% in week 24. 
Although A. chesapeakensis and L. laevis were consistently recorded, their species 
colonization did not exceed 5% in any of the collection during the 24-week period. 
In the case of A. chesapeakensis, its species colonization fluctuated between 0.3 ± 
0.2% (week 4) and 2 ± 2% (week 12) throughout the study, without any discernable 
trend. L. laevis on the other hand, showed an increase in species colonization, from 
0.2 ± 0.2% in week 4 to 4 ± 2% in week 24, but these percentages remained low. The 
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remaining fungal species were occasionally encountered and showed either low or 
negligible species colonization. These included Aniptodera sp. 1, sp.2, sp. 3, H. 
marina, H. quadricornuta, Lulworthia sp., H. alopallonella, P. prolifica, R. 
sphaerospora and Z. maritima.  
 
The total number of Ascomycetous fruit bodies counted for each period of 
observation generally increased with time, from a low 237 ± 89 in week 4, to a high 
1475 ± 232 in week 20 (Table 25). Of the nine Ascomycetous species recorded, only 
the pre-inoculated V. enalia showed very high fruit body counts in the study. V. 
enalia fruit body counts rapidly increased with time from 232 ± 88 in week 4 to 
1345 ± 332 in week 24. The fruit body counts of the remaining Ascomycetes, 
regardless of whether frequently or infrequently recorded, were generally much 
lower. For example, the fruit body counts of A. chesapeakensis and L. laevis, both 
consistently observed over the 24-week period, did not exceed an average of 70 fruit 
bodies in any collection. Fruit body counts were generally infrequent and low for the 




Table 25 List of Ascomycete species and number of fruit bodies recorded on S. caseolaris 
block, pre-inoculated with V. enalia, over 24-week period. All values expressed with 
standard error. 
Number of fruit bodies per block 
S/N Ascomycete species 









Pre-inoculated species       












Ascomycetes       
2 Aniptodera chesapeakensis  3 ± 2 6 ± 4 38 ± 34 4 ± 4 65 ± 65 4 ± 4 
3 Aniptodera sp.1 - 1 ± 1 - 4 ± 4 64 ± 30 29 ± 12 
4 Aniptodera sp. 2 - - 1 ± 1 - 6 ± 6 - 
5 Aniptodera sp.3 - - - - 9 ± 9 - 
6 Halosarpheia marina  - - - 4 ± 4 23 ± 23 - 
7 Halosphaeria quadricornuta  - - - - 1 ± 1 15 ± 15 
8 Lignincola laevis  3 ± 3 15 ± 14 7 ± 5 41 ± 15 26 ± 15 51 ± 31 
9 Lulworthia sp. - 7 ± 7 - 123 ± 
123 
94 ± 94 - 















5.3.7 Comparison between S. caseolaris Control and Test Blocks 
Pre-inoculated with V. enalia 
The number of fungal species recorded for S. caseolaris test blocks pre-inoculated 
with V. enalia (13) (Table 24) was half that of the control (26) (Table 16). The 
average number of fungal species recorded for the 24-week study for the treatment 
(7 ± 1) was likewise, half that of the control (15 ± 1). The percentage of wood 
surface colonization by at least one fungal taxon was also lower for the 
pre-inoculated test blocks (ranged from 18 ± 5% to 68 ± 6%) compared to the 
control (ranged from 52 ± 2% to 74 ± 5%).  
 
It is interesting to note that all 13 fungal species recorded on the pre-inoculated test 
blocks were common to that of the control. The 13 species that were present on the 
control, but was absent on the pre-inoculated blocks were A. patili, A. parvus, A. 
longispora, H. fibrosa, H. retorquens, H. viscosa, L. australiensis, N. inornata, S. 
lignicola, S. paucispora, C. macrocephala, C. pygmea and the sclerocarp forming 
fungus.  
 
In comparing the diverstity of fungi observed in the control and treatment, the 
Jaccard coefficient ranged from 0.15 (week 4) to 0.56 (week 20), the Sorenson 
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coefficient ranged from 0.27 (week 4) to 0.71 (week 20) (Table 26).  Both 
coefficients generally increased with time over the first 20 weeks, and dipped to a 
low value in the last 4 weeks. While the Jaccard coefficient showed an average of 
0.35 for the 24-week period, the Sorenson coefficient showed a slightly higher 
average of 0.50 for the same period. 
 
L. laevis was the only species consistently observed throughout the 24-week period 
in both the treatment and control. A. chesapeakensis and V. enalia, were also 
consistently observed on the pre-inoculated blocks, but not so in the control. A. 
chesapeakensis was not observed in the last 4 weeks in the control, while V. enalia 
was sporadically recorded on the control. Of the five remaining species which were 
consistently observed in the control, four species, namely Aniptodera sp. 1, 
Lulworthia sp., P. prolifica and R. sphaerospora, were either recorded sporadically 
or only once on the pre-inoculated blocks. S. paucispora (present in the control) was 
totally absent in the pre-inoculated blocks. 
 
H. alopallonella appeared only in the second half of the study in both the control and 
pre-inoculated blocks. Aniptodera sp. 2 appeared only in the second half in the 
control, but was recorded sporadically on weeks 12 and 24 in the pre-inoculated 
blocks.  
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Table 26 Jaccard and Sorenson coefficients for comparisons between the S. caseolaris 
control and test blocks pre-inoculated with V. enalia 
Week 
 
Jaccard Coefficient Sorenson Coefficient 
4 0.15 0.27 
8 0.33 0.50 
12 0.27 0.42 
16 0.47 0.64 
20 0.56 0.71 
24 0.29 0.45 
Average 0.35 ± 0.06 0.50 ± 0.07 
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In terms of percentage species colonization, V.enalia (pre-inoculated fungus) 
generally showed much higher percentages in the pre-inoculated blocks as compared 
to the control, and the percentages generally increased with time of submergence. On 
the control, V. enalia occurred sporadically with low or negligible percentage 
colonization.  
 
Apart from V. enalia, no other fungal species were recorded with more than 10% 
species colonization on the pre-inoculated blocks. This is distinctly different from 
the control, where A. chesapeakensis, Aniptodera sp. 1, L. laevis, Lulworthia sp., P. 
prolifica and R. sphaerospora showed more than 10% colonization in at least one of 
the 4-weekly collection.  
 
The total number of Ascomycetous fruit bodies counted for each 4-weekly collection 
for the control (937 ± 104 to 1614 ± 199)(Table 16) was generally higher than that 
for the pre-inoculated blocks (237 ± 89 to 1475 ± 232)(Table 25). The counts for the 
pre-inoculated blocks also generally increased with time, whereas the count for the 
control dipped initially before increasing with time in subsequent weeks. 
 
V. enalia consistently produced high fruit body counts that increased with time of 
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submergence in the pre-inoculated blocks, but the fungus was recorded sporadically 
in the control and yielded low counts of fruit bodies. In contrast, L. laevis produced 
fewer fruit bodies on the pre-inoculated blocks, but consistently high counts in the 
control for the duration of the study. The fruit body counts for L. laevis generally 
increased with time on the pre-inoculated blocks, while that for the control initially 
increased and then decreased in the last 8 weeks of the study.  
 
The majority of the fungi found on V. enalia pre-inoculated blocks yielded generally 
low fruit body counts, and showed rather dissimilar patterns in relation to the counts 
for the control. These were seen in A. chesapeakensis, Aniptodera sp. 1, 2, 3, H. 
marina, H. quadricornuta and Lulworthia sp.  
 
5.3.8 Comparisons between S. caseolaris Control and Test Blocks 
Pre-inoculated with A. chesapeakensis, L. laevis and V. enalia 
From this study carried out to compare fungal colonization of S. caseolaris 
pre-inoculated with three different fungi (A. chesapeakensis, L. laevis and V. enalia), 
the following observations may be made. Pre-inoculating S. caseolaris with L. laevis 
and V. enalia each resulted in fewer fungal species colonizing these woods. Woods 
pre-inoculated with L. laevis yielded 16 species (Table 21) and with V. enalia yielded 
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13 species (Table 24), compared to un-inoculated wood (26 species) (Table 16). This 
was however, not seen when A. chesapeakensis was used to pre-inoculate the wood. 
Wood pre-inoculated with A. chesapeakensis supported 22 fungal species (Table 
18).The average number of fungal species for each 4-weekly batch of pre-inoculated 
test blocks was also significantly lower than that of the control. The percentage of 
wood surface colonized by at least one fungal taxon for each treatment was also 
lower than that of the control. In this case, the percentages of the pre-inoculated 
blocks generally ranged between 30 to 50%, while the control showed percentages 
ranging from 50 to 70%.  
 
The number of fungal species common to the control and treatment period was 
similar in the case of pre-inoculation with L. laevis and V. enalia. Blocks 
pre-inoculated with L. laevis yielded 14 species common to the control, while blocks 
pre-inoculated with V. enalia, yielded 13 species common to the control. Blocks 
pre-inoculated with A. chesapeakensis on the other hand, yielded 19 species that 
were common to the control.  However, regardless of the difference in the number 
of species common to treatment and control, the Jaccard and Sorenson coefficients in 
all cases were relatively similar, with averages of 0.5 for Jaccard coefficients and 0.7 
for Sorenson coefficients for treatments that used A. chesapeakensis and L. laevis as 
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inoculants, and average of 0.4 for Jaccard coefficient and 0.5 for Sorenson 
coefficient for the treatment using V. enalia as an inoculant.  
 
Overall, 11 fungal species were common to all three treatments using A. 
chesapeakensis, L. laevis and V. enalia as inoculants. These were A. chesapeakensis, 
Aniptodera sp. 1, Aniptodera sp. 2, H. marina, H. quadricornuta, L. laevis, 
Lulworthia sp., V. enalia, P. prolifica, R. sphaerospora and Z. maritima. Of these, L. 
laevis was the only species that was consistently observed on all treatments 
throughout the 24-week period. Aniptodera sp. 1, Lulwothia sp. and P. prolifica were 
also consistently observed in the control as well as in two of the treatments (i.e. 
blocks pre-inoculated with A. chesapeakensis and L. laevis). These species were only 
sporadically recorded in blocks pre-inoculated with V. enalia.  
 
Apart from the 11 species that were common to all treatments, two species, namely S. 
paucispora and C. pygmea, were common to test blocks pre-inoculated with A. 
chesapeakensis, test blocks pre-inoculated with L. laevis and the control. H. 
alopallonella was common to test blocks pre-inoculated with A. chesapeakensis, test 
blocks pre-inoculated with V. enalia and control.  
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The total fruit body count for the controls was generally higher than each of the 
treatment. The count for the controls dipped initially before increasing with time on 
the subsequent weeks. On the other hand, while the fruit body count on the 
pre-inoculated blocks were generally increasing with time.  
 
In all the pre-inoculation treatments, the inoculant fungus showed high percentage 
species colonization and fruit body counts in week 4. In the case of V. enalia, the 
percentage species colonization and fruit body counts continued to increase with 
time of submergence. With the other two inoculants (A. chesapeakensis and L. 
laevis), the percentage species colonization and fruit body count decreased with time 
of submergence. In fact, the percentage species colonization and fruit body counts 
for the two inoculants, A. chesapeakensis and L. laevis, showed trends similar to 
those of their respective controls. The differences were that the percentage species 
colonization and fruit body counts were generally higher in pre-inoculated blocks as 
compared to the controls. It is significant to note that while V. enalia consistently 
showed high percentage species colonization and fruit body counts on the wood 
pre-inoculated with the fungus throughout the 24-week study, the fungus was 




5.4.1 General Comparisons of Fungi on Mangrove Wood 
Fungal Diversity 
Numerous lignocellulosic substrata have been investigated in previous studies to 
determine the fungal diversity and succession in the mangrove environment. This 
included Avicennia lanata and Avicennia alba (Tan et al., 1989); Brugueria 
cyclindrica and Rhizophora apiculata (Leong et al., 1991); Brugueria gymnorhiza 
and Rhizophora mucronata (Poonyth et al., 2001); and Avicennia officinalis and R. 
mucronata (Maria and Sridhar, 2003). While Tan et al. (1989) and Leong et al. 
(1991) recorded a range of 20 to 26 taxa on the various mangrove woods examined 
from mangroves in Singapore, a range of 36 to 38 taxa was recorded by Maria and 
Sridhar (2003) for Indian mangroves, and 48 taxa were by Poonyth et al. (2001) for 
mangroves in the Mauritius in the Indian Ocean.  
 
In this study, the number of species recorded on R. apiculata (17) was lower than 
that reported in the previous studies in Singapore and elsewhere. However, it should 
be noted that the time-constrained duration of this study with wood blocks 
submerged up to 24 weeks, was shorter than the 60-weeek wood submersion study 
by Tan et al. (1989) and Leong et al. (1991). Likewise, the periods of submersion in 
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the studies by Maria and Sridhar (2003) and Poonyth et al. (2001) were also longer 
at 72 and 78 weeks respectively. These differences in the period of submersion could 
have contributed to the fewer number of species observed in the current study. 
According to Hughes (1975), the length of submersion of substrata is one of the 
important factors governing the degree of fungal colonization. This was well 
demonstrated by Leong et al. (1989) with their observation of an increasing number 
of species from the “early” to “late” stages of colonization of B. cyclindrica and R. 
apiculata woods over a 60-week period. Tan et al. (1989), Poonyth et al. (2001) and 
Maria and Sridhar (2003) also observed that the highest number of species occurred 
on the various mangrove woods during the intermediate stages of their studies. The 
period of submergence in this study, spanning for only 24 weeks could be compared 
to the “early” stages in the previous studies, where a lower fungal diversity was also 
observed. This similarity is evident given that the number of fungal species recorded 
on R. apiculata in this study (17) was comparable to the range of 12 to 15 species 
recorded on the various mangrove woods for the first 26 weeks by Leong (1987). 
 
A wood to wood species comparison using R. apiculata showed that the number of 
fungal species (17) recorded in this study was comparable (15) to that observed by 
Leong (1987) for the first 26 weeks of submersion. In the case of S. caseolaris used 
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in this study, a similar comparison could not be made as this species of mangrove 
wood had not been previously examined for manglicolous fungi. The list of fungi 
observed on S. caseolaris thus constitutes the first record for S. caseolaris. This list 
is useful as it contributes to the record of fungi already known on other mangrove 
wood, such as Avicennia alba, A. lanata, A. officinalis, Brugueria cyclindrica, B. 
gymnorhiza, Rhizophora apiculata and R. mucronata. Within the context of this 
study, it was evident that S. caseolaris wood supported a richer fungal diversity (26 
species) than R. apiculata wood (17). This higher total number of fungi species 
observed on S. caseolaris over the period of 24 weeks also translated into a higher 
average number of species for the 24-week period. S. caseolaris wood averaged 15 
species, while R. apiculata wood averaged 7 species throughout the study. It would 
appear that different wood species supported a range of different fungal species. The 
nature of substrata has often been cited as a significant factor influencing the 
biodiversity of manglicolous fungi colonizing mangrove wood (Jones, 2000; Sarma 
and Hyde, 2001; Schmidt and Shearer, 2003). Although manglicolous fungi are 
capable of producing the necessary enzymes to break down lignin and cellulose in 
the utilization of a wide range of wood substrata (Meyers and Reynolds, 1959a, b, 
1960; Meyers and Scott, 1968), host preferences of manglicolous fungi have been 
reported in numerous studies (Hyde, 1990a, b, 1991, 1992, 1993; Hyde and Lee, 
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1995; Alias, 1996; Shearer, 1995; Hyde and Alias, 2000; Sarma and Hyde, 2001).  
  
Of the 28 species recorded from both R. apiculata and S. caseolaris wood (Table 5 
and 16), 15 were common to both substrata. This larger number of common species 
complemented observations made in the previous studies, where 16 out of 24 species 
recorded on B. cylindrica and R. apiculata were common (Leong et al., 1991). 
Likewise, 37 out of 48 species were found common to B. gymnorhiza and R. 
mucronata (Poonyth et al., 2001). Poonyth et al. (2001) suggested the high number 
of species found common to two or more wood species could be because very few 
saprobic manglicolous fungi are host-specific (Hyde and Jones, 1988), and that 
host-specific fungi are generally limited to a family of hosts (Kohlmeyer and 
Kohlmeyer, 1979; Hyde and Lee, 1995; Jones and Alias, 1996). Poonyth et al. 
(2001) concluded that since both Bruguiera and Rhizophora belong to the family 
Rhizophoraceae (Tomlinson, 1986), the relatedness of the two substrata examined (B. 
gymnorhiza and R. mucronata) accounted for the similarities between the lignicolous 
fungal communities found on each wood species. It is possible that the lack of host 
specificity of manglicolous fungi contributed to the number of species common to 
both substrata. Going by the conclusion by Poonyth et al. (2001) in their studies, the 
overlap in fungal diversity between R. apiculata and S. caseolaris may seem at odds 
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given that both substrata were unrelated (R. apiculata belonging to Rhizophoraceae 
and S. caseolaris belonging to Sonneratiaceae). However, it should be noted that 
apart from the common species, S. caseolaris also yielded 11 species that were found 
on S. caseolaris only. This further underscores the fact that different wood types may 
support its own unique fungal flora.  
 
It is noteworthy that two fungal species unique to R. apiculata wood (C. bulbosa and 
Z. varium) and five of the 11 species unique to S. caseolaris wood (A. patili, A. 
longispora, H. fibrosa, N. inornata and the fungus that formed only sclerocarps) 
were recorded only once throughout the study. This suggested that these fungi could 
be chance colonizers. On the other hand, six of the 11 species found only on S. 
caseolaris (Aniptodera sp. 2, sp. 3, H. retorquens, H. viscosa, L. australiensis and S. 
lignicola) were recorded on more than one collection, suggesting that these fungi 
were indeed associated with submerged S. caseolaris wood. While it may be 
tempting to infer host specificity as the primary reason for such differences, the low 
or negligible percentage species colonization shown by these fungi were insufficient 
to draw a definite conclusion. There are also few documentations of host specific 
fungi that are limited to one host genus or species. With the exception of the 
mangrove host Nypa sp. (palm), where a largely distinct mycota has been observed 
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(Hyde and Alias, 2000), the evidence of substrate specificity by mangrove fungi has 
been sparse and the question of host specificity still unresolved (Hyde and Lee, 
1995; Alias, 1996). The low and negligible species colonization and fruit body 
counts of the 11 fungi unique to S. caseolaris wood also suggested that they were not 
dominant or very successful on this substratum.   
 
Extent of Fungal Colonization of Wood 
Various parameters, such as percentage of infestation (Koch, 1986; Tan, 1987), 
frequency of occurrence (Rees et al., 1979; Vrijmoed et al., 1982a, b, 1986a, b; 
Farrant et al., 1985; Rees and Jones, 1985; Hyde, 1986; Hyde and Jones, 1988, 1989; 
Alias et al., 1995), percentage abundance (Vrijmoed et al., 1986a, b) and average 
number of fungi (Vrijmoed et al., 1986a, b; Jones and Tan, 1987) were used in past 
studies to determine the extent of fungal infestation on mangrove substrata. While 
these parameters were quite popularly used for the last two decades (Koch, 1982, 
1986; Suhirman and Jones, 1983; Zainal and Jones, 1984, 1986; Grassno et al., 
1985; Hyde, 1986; Vrijmoed et al., 1986a, b; Hyde and Jones, 1988, 1989; Jones and 
Tan, 1987; Alias et al., 1995; Poonyth et al., 2001; Sarma and Hyde, 2001; Maria 
and Sridhar, 2003, 2004), there are some limitations in using them in studies which 
utilize autoclaved wood for submersion. According to Tsuneda (1983) and 
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Mouzouras (1989), autoclaving rendered wood more prone to colonization by fungi 
by altering its physical and chemical properties. This could have accounted for the 
100% colonization of mangrove wood examined by Tan et al. (1989), Leong et al. 
(1991) and Poonyth et al. (2001) This study adapted a new set of parameters from 
Panebianco et al. (2002), in order to understand and differentiate the extent of fungal 
colonization of the different wood substrata. 
 
In this study, it was observed that the extent of fungal colonization was greater on S. 
caseolaris, than on R. apiculata. Not only did S. caseolaris support a higher average 
number of species, the percentage of surfaces with at least one fungal taxon recorded 
and the average number of fruit bodies recorded were also significantly higher, as 
compared to R. apiculata wood. According to Allen et al. (1974) and Perry (1980), 
the wood of R. apiculata has relatively higher levels of tannin than that of other 
mangrove trees including S. caseolaris. Kraus et al. (2003) noted that tannins hinder 
decomposition rates by inducing toxicity on microbial populations and inhibiting 
enzyme activities. This was observed in litter material with high tannin content, 
which reduced the rate of decomposition (Gallardo and Merino, 1992; Horner et al., 
1988; Kalburtji et al., 1999). Kraus et al. (2003) also suggested that tannins may 
limit decomposition in five ways, namely: (i) by themselves being resistant to 
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decomposition, (ii) by sequestering proteins in protein-tannin complexes that are 
resistant to decomposition, (iii) by coating other compounds, such as cellulose, and 
protecting them from microbial attack, (iv) by direct toxicity to microbes, and (v) by 
complexing or deactivating microbial exoenzymes. The higher tannin content in R. 
apiculata wood could therefore constitute a factor that caused a lesser extent of 
fungal colonization, as compared to the wood of S. caseolaris. 
 
Jones and Hyde (1988) observed that the wood of Rhizophora sp. was more lignified 
than Avicennia sp, and suggested that the wood of R. apiculata was more durable 
and thereby reduced the ability of fungi to grow and sporulate on it. The durable 
characteristics attributed to R. apiculata, together with its higher tannin content, 
could account for the lesser extent of fungal colonization on R. apiculata wood, as 
compared to S. caseolaris wood. A similar deduction could not be made for S. 
caseolaris as the wood had not been used in fungal studies before.  
 
It should be noted that in this study, the test blocks offered two types of surfaces for 
fungal colonization: two surfaces of debarked wood, and one surface with bark intact. 
Fungi such as Lulworthia sp. were observed to colonize the phloem, parenchyma and 
cambial cells and with the necks penetrating through the bark (Leong et al., 1991). 
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Since the majority of fungi observed in this study were found on the debarked 
surfaces of the submerged blocks, the differences in fungal composition on both 
barked and debarked surfaces merit further treatment, and will be discussed in the 
following chapter (Section 6).  
 
Change in Fungal Flora with Duration of Submergence 
Fungal succession can be defined as a directional change in the composition, relative 
abundance, and spatial pattern of species comprising communities (Frankland, 1992; 
Fryar, 2002). Several studies on fungal succession on submerged material in 
freshwater (Ho et al., 2002; Kane et al., 2002; Sivichai et al., 2000) and marine 
(Miller and Whitney, 1981; Tan et al., 1989; Hyde 1991; Leong et al., 1991; 
Kohlmeyer et al., 1995; Poonyth et al., 1999, 2001; Alias and Jones, 2000) habitats 
were made based on the presence or absence of fungal reproductive structures. These 
studies have established patterns of occurrences, in accordance with the time of 
appearance of fungal fruit bodies (Jones and Hyde, 2002). However, as noted by 
Poonyth et al. (2001), the submersion period of exposed wood blocks and its 
delineation into stages of colonization by various workers has so far been arbitrary 
and variable. For instance, Divx and Webster (1985), Promputtha et al. (2002) and 
Yanna and Hyde (2002) classified fungal communities into three succession stages: 
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the pioneer, mature and impoverished stages; Leung (1998) classified fungi into five 
groups: early colonizers, middle stage colonizers, late colonizers, regular inhabitants 
and sporadic inhabitants; and Zhou and Hyde (2002) and Maria and Sridhar (2004) 
classified fungal communities as: early, late and regular inhabitants. Poonyth et al. 
(2001) have also noted that the duration of experiments, number of wood blocks 
examined, size of blocks, sampling frequency and treatment (such as autoclaving), 
have also not been consistant in the various studies. This study, carried out over a 
period of 24 weeks, showed observable changes in the fungal flora with time seen 
during the course of the study. These changes merit further discussion.  
 
In the case of R. apiculata, the number of fungal species, which fluctuated between 
five and nine, reflected changes in the fungal composition over time even though the 
period of study was only 24 weeks. The small number of species (5) on week 16 was 
mainly due to the disappearance of A. chesapeakensis and C. pygmea. Both species 
showed significant presence for the first 12 weeks. The subsequent increase in fungal 
species on the other hand could be attributed to the appearance of A. parvus, a late 
colonizer. While the classification of “early” and “late” colonizer in this study may 
not be consistent with the other fungal sucession study that stretched over long 
periods of submersion, the sequence of appearance of these species were quite 
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similar to that observed in various other studies (Tan et al., 1989; Leong et al., 1991; 
Alias and Jones, 2000; Poonyth et al., 2001; Maria and Sridhar, 2003, 2004). For 
instance, the presence of A. parvus in weeks 20 and 24 in this study complemented 
with Leong et al.’s (1991) observation of a large presence of A. parvus in the 
intermediate stages (22 to 32 weeks) of their study with R. apiculata. C. pygmea, 
which occurred early in this study, was also recorded as early colonizers on 
Bruguiera gymnorrhiza (Alias and Jones, 2000) and Rhizophora mucronata 
(Poonyth et al., 2001). More significantly, the consistent presence of L. laevis and 
Lulworthia sp. in this study, closely resembled that of other studies in this region, 
where both species were consistently an early colonizer on various mangrove wood 
and their period of occurrence overlapping the entire duration of this study (Tan et 
al., 1989; Leong et al., 1991; Alias and Jones, 2000). 
 
The early presence of A. chesapeakensis in this study seemed to contradict the 
observation of Leong et al. (1991), where A. chesapeakensis only appeared in the 
intermediate and late stages of wood submersion. However, Tan (2002) noted that A. 
chesapeakensis was commonly observed on random driftwood samples collected 
from mangroves in Singapore. Quek (2003) has also demonstrated that A. 
chesapeakensis occurred abundantly on freshly unbarked pneumatophores after 2 
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weeks of submersion. These observations point to the common occurrence of A. 
chesapeakensis in this region, and that this fungus could be an opportunistic pioneer 
organism on fresh uncolonized substratum.  
 
In the case of S. caseolaris, the number of fungal species recorded generally 
increased with time of wood submersion. This was attributed to the occurrence of 
late colonizers like H. quadricornuta and V. enalia, and numerous sporadically 
occurring species. The observations made on H. quadricornuta and V. enalia were 
generally consistent with  those of other studies, where H. quadricornuta occurred 
in the intermediate and late stages on Bruguiera cylindrica (Leong et al., 1991), 
while V. enalia showed a large presence in the intermediate stages on various 
mangrove woods (Tan et al., 1989; Leong et al., 1991). 
 
L. laevis and Lulworthia sp. were also consistently recorded on S. caseolaris as it 
was on R. apiculata and on other woods used in the previous studies (Tan et al., 
1989; Leong et al., 1991; Alias and Jones, 2000). These observations clearly 
supported the deduction that both L. laevis and Lulworthia sp. were common 




It has been noted by various workers that some degree of rotting of the submerged 
wood caused by the initial colonizers pave the way for other fungi to settle in (Jones, 
1968, 1971; Curan, 1975; Fryar, 2002). The pre-conditioning of wood by initial 
colonizers was regarded as a major factor in bring about changes in the fungal flora 
observed in those various studies. This factor could also be accountable for the 
occurrences of the late colonizers, like A. parvus on R. apiculata, and H. 
quadricornuta on S. caseolaris in this study. Preconditioning of wood, however, is 
also known to favour the settlement of marine fouling organisms (Kohlmeyer, 1984; 
Vrijmoed et al., 1986b). Leong et al. (1991) observed heavy infestation of 
submerged mangrove wood by fouling organisms in the late stages of their study. 
Leong et al. (1991) suggested that this hindered the settlement and growth of fungi, 
thereby accounting for fewer species observed in late stages of their study. In the 
current study, little fouling organisms were present on the wood blocks even in the 
late weeks. The percentage of surfaces of R. apiculata and S. caseolaris blocks with 
at least one fungal taxon increased over time, showing that physical constraints 
imposed by the presence of fouling organisms was not a significant factor in the 
early weeks of submersion, and lending support to the view that  fouling organisms 
could impact on fungal colonization of submerged wood blocks. 
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The results of this study also provided other insights to the changes in fungal flora 
with time of wood submersion. Unlike the previous studies in which the frequency 
of occurrence was based on the presence or absence of fungal fruit bodies on the 
wood (Tan et al., 1989; Leong et al., 1991; Hyde, 1991; Kohlmeyer et al., 1995; 
Alias and Jones, 2000), the two parameters used in this study, i.e. percentage species 
colonization and fruit body counts, yielded information on the changes of fungal 
flora with time. For instance, the steep decline in the percentage surface colonization 
and fruit body counts of A. chesapeakensis over time on both R. apiculata and S. 
caseolaris supported the earlier discussion that A. chesapeakensis was an early 
colonizer. The subsequemt decline of A. chesapeakensis indicated that it either failed 
to sporulate or it had simply died off in the face of competition from other colonizing 
fungi. To date, no extensive discussion has focused on the colonization of A. 
chesapeakensis on wood. The sharp decline in A. chesapeakensis in this study was 
not seen in the previous previous studies. Since A. chesapeakensis is a common 
manglicolous fungi that can readily colonize submerged wood, its increasing or 
decreasing occurrence with respect to other fungal species may warrant future 
studies on the competitiveness of this fungus. 
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5.4.2 Effects of Pre-inoculation on R. apiculata and S. caseolaris Wood 
Fungal Diversity 
Fungal competition has been cited as a factor influencing colonization of mangrove 
wood by marine fungi and hence their diversity on such substrata (Hyde, 1990a, b, 
1991, 1992, 1993; Hyde and Lee, 1995; Alias, 1996; Shearer, 1995; Hyde and Alias, 
2000; Sarma and Hyde, 2001). A few isolated studies on competition between fungi 
have been studied under laboratory conditions, e.g. production of inhibitory 
compounds (Miller et al., 1985; Strongman et al., 1987), microbial interactions in 
affecting ascocarp formation (Tan et al., 1995). However, there has been little 
correlation between laboratory studies and those in the field (Fryar et al., 2002). 
Shearer (1995) has earlier commented that the knowledge on competitive 
interactions in fungal communities in nature and the importance of competition in 
determining fungal community structure is lacking. So far, the work of Panebianco et 
al. (2002) constitutes a major study on the effects of fungal interaction in 
determining the structure of the marine fungal community. To date, such studies in 
the tropical region are lacking, although various observations on manglicolous fungi 
have been made (Tan et al., 1989; Leong et al., 1991; Hyde, 1991; Kohlmeyer et al., 
1995; Alias and Jones, 2000; Hyde and Alias, 2000; Sarma and Hyde, 2001). This 
study therefore constitutes the first attempt to investigate fungal competition 
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between manglicolous fungi in a mangrove site.  
 
Panebianco et al. (2002) showed that pre-inoculating balsa wood blocks with 
selected fungi lowered colonization by other fungi, and the Ascomycete diversity 
established on the wood blocks, as compared to un-inoculated blocks. They found 
that blocks pre-inoculated with Halosphaeriopsis mediosetigera yielded only two 
Ascomycete species as compared to the six species on un-inoculated blocks, 
throughout the 15-month study. Panebianco et al. (2002) went on to show that the 
fungal communities established on the pre-inoculated and un-inoculated balsa blocks 
were quite distinct.  
 
In this study with R. apiculata wood blocks pre-inoculated with selected Ascomycete 
species, the diversity and composition of the fungal communities observed on the 
control and pre-inoculated wood blocks were not markedly different. The number of 
species recorded on wood blocks pre-inoculated with L. laevis (14 species), A. 
chesapeakensis (19 species) and V. enalia (14 species) were comparable to that of 
the un-inoculated control blocks (17 species). The other parameters observed namely 
average number of species and percentage surface colonization of the control and 
pre-inoculated wood blocks were also comparable. The majority of the species 
180 
observed on the pre-inoculated blocks were also common to those on the control 
blocks. All these observations did not seem to support the observation of Panebianco 
et al. (2002) that pre-inoculation led to lower fungal diversity on the substrata.  
 
It should be noted however, that these comparisons are made using the total number 
of species and are number of species compiled or computed over a 24-week period 
of study. While these observations may overall suggest very similar diversity of 
species on both the control and pre-inoculated wood blocks, this should not be taken 
to mean that there was no species interaction within each community established on 
the wood blocks. 
 
As discussed previously (section 5.4.1), wood from different tree species may 
support very distinct fungal communities, even if they show many similar species. 
This is evident in this study using un-inoculated and pre-inoculated R. apiculata 
wood blocks. While 12 of the 14 species recorded on blocks pre-inoculated with V. 
enalia were common to the control, V. enalia consistently showed greater than 10% 
occurrence on the pre-inoculated blocks throughout the 24-week study. This was in 
contrast to the control, where the percentage species colonization of V. enalia was 
generally low or negligible.  
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Another indicator of the dynamics and interaction shown between species as a result 
of the pre-inoculated treatment is that of the Jaccard and Sorenson coefficients. The 
low coefficients calculated for each 4-weekly sampling and presented here as an 
overall average clearly showed that the fungal composition of the control and 
pre-inoculated wood blocks changed and were different at each 4-weekly interval 
(Table 9, 12, 15). Such could be the variations and fungal dynamics not clearly 
evident from just looking at the list of fungal species compiled at the end of the 
study period.  
 
In contrast to R. apiculata wood, the effect of pre-inoculation on the total number of 
fungal species was clearly evident on S. caseolaris wood blocks. Pre-inoculation 
reduced the number of species observed from 26 species (control) to 22 species (with 
A. chesapeakensis), 16 species (with L. laevis) and 13 species (with V. enalia). This 
effect was also demonstrated by the average number of species and percentage wood 
surface colonization, all of which showed lower values on the pre-inoculated wood 
blocks. This impact shown by S. caseolaris wood blocks, unlike that of R. apiculata 




The large number of species common to both the control and pre-inoculated S. 
caseolaris blocks suggested that variation in species composition did not involve 
fungi that were largely unique to either the control or pre-inoculated blocks. The low 
Jaccard and Sorenson coefficients, as in the case of R. apiculata woods, also 
suggested that the fungal composition of the control and the pre-inoculated S. 
caseolaris blocks were different as a result of the appearance, disappearance and 
re-appearance of species within the fingal list of fungi observed, for each 4-weekly 
sampling period.  
 
V. enalia again appeared as the consistent and abundant species in S. caseolaris 
wood pre-inoculated with the fungus. Pre-inoculation of S. caseolaris wood with this 
fungus drastically reduced the total number of fungal species by half (from 26 
species on the control to 13 species on the pre-inoculated blocks), an effect more 
pronounced than on R. apiculata wood (from 17 species on the control to 14 species 
on the pre-inoculated wood). This suggests that V. enalia is a strong competition 
(Teng, 1993). 
 
The different degree of impact of pre-inoculation with A. chesapeakensis, L. laevis 
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and V. enalia on R. apiculata and S. caseolaris wood blocks could be attributed to 
the different nature of wood species used. Jones and Hyde (1988) noted that the 
wood of Rhizophora sp. is highly lignified, and suggested that the durability of the 
wood has the ability to limit fungi growth and sporulation. Conversely, balsa wood, 
noted as the softest commercial hardwood available (Whitmore, 1978), is much less 
durable and therefore more susceptible to fungal growth and sporulation. The more 
durable nature of the R. apiculata wood could affect the extent selected inoculant 
species could penetrate and establish itself on the wood blocks prior to the 
subsequent submersion in the mangrove environment.  
 
Jones (2000) stated that the availability of substrata is one of the numerous factors 
that determine fungal diversity on submerged wood. According to Panebianco et al. 
(2002) in the context of pre-inoculation, a good penetration of fungal hyphae within 
the wood tissue confers a greater advantage to the pre-inoculated species in 
capturing the resources available. Hence, good penetration by the pre-inoculated 
species could hinder the colonization of other species, on subsequent submersion. 
The difference in the nature of mangrove wood and balsa wood could lead to lesser 
penetration of the mangrove wood by the inoculant fungus, thereby lessening the 
ability of the inoculant to limit the available substrata, as well as the diversity of 
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other fungi to colonizing the substrata upon submersion. This may account for the 
more pronounced effect of pre-inoculation (in reducing fungal diversity) seen on 
bala wood (Panebianco et al., 2002) than on mangrove wood used in this study; and 
on S. caseolaris than on R. apiculata wood used in this study. 
 
Extent of Fungal Colonization of Wood 
Panebianco et al. (2002) showed the extent of wood surface colonized by fungi 
differed widely between the pre-inoculated and un-inoculated balsa blocks. They 
reported that 64% of wood surfaces on the un-inoculated blocks was colonized by 
fungi in 2 months, while blocks pre-inoculated with Halosphaeriopsis mediosetigera 
and Ceriosporopsis halima had 100% of the wood surfaces colonized by fungi. On 
the other hand, blocks pre-inoculated with Corollospora maritima showed only 29% 
surface colonization by fungi. In this study with R. apiculata wood blocks, the extent 
of wood surface colonization by fungi was generally comparable between the control 
and pre-inoculated blocks. This lack of effect of pre-inoculation did not impact on 
the number of fungal species observed to colonize the wood blocks. However, the 
fungal communities on the control and pre-inoculated blocks varied and changed 
within its observed range of species, as indicated by the low Jaccard and Sorenson 
coefficients and discussed earlier. 
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Pre-inoculation however, affected the biology of the colonizing fungi in terms of 
fruit body formation. Pre-inoculation with A. chesapeakensis, L. laevis and V. enalia 
consistently resulted in more fruit bodies on the wood blocks, as compared to the 
un-inoculated controls. The more abundant sporulation could be attributed to the 
large extent of colonization (a large coverage of fungal hyphae within the wood 
tissues) or to the presence of metabolites that favour sporulation in the 
pre-inoculated blocks. Tan et al. (1995) observed that the co-inoculation of L. laevis 
and V. enalia the wood of Rhizophora apiculata enhanced ascomatal formation by V. 
enalia. They went on to suggest that L. laevis may secrete metabolites that enhanced 
the sporulation of V. enalia. In this study, although the presence of V. enalia in the R. 
apiculata blocks pre-inoculated with L. laevis was higher compared to that of the 
un-inoculated blocks, and thereby lending support to Tan et al’s (1995) suggestion of 
the possible influence of fungal metabolities. Further studies are needed to confirm 
this.  
 
In the case of S. caseolaris however, pre-inoculation with A. chesapeakensis, L. 
laevis and V. enalia consistently reduced the percentage surface colonized by at least 
one fungal taxon, as compared to the un-inoculated control. This was consistent with 




The effect of pre-inoculation on sporulation was also consistent with its influence in 
reducing the number of species and percentage surface colonization. Pre-inoculation 
with A. chesapeakensis and V. enalia both decreased the number of fruit bodies 
counted, with the exception of L. laevis. Pre-inoculation with L. laevis increased fruit 
body counts, and this could lend support to the suggestion by Tan et al. (1995) that L. 
laevis could provide metabolites that enhance fruit body formation by V. enalia (and 
other fungi in the case of this study). 
 
It is interesting to note that percentage of balsa wood surfaces colonized by at least 
one Ascomycota taxon in the study by Panebianco et al. (2002) reached saturation 
(100%), while that recorded on R. apiculata wood in this study showed only a high 
62%. Apart from the different nature of substrata (R. apiculata and balsa wood) that 
could influence the extent of colonization, the different types of surfaces (debarked 
surfaces and surface with bark intact) available to fungal colonization on R. 
apiculata wood in this study could have contributed to the lower percentages. As 
noted by Leong et al. (1991), the majority of fungi on submerged mangrove wood 
were recorded on the debarked surfaces. This study supports their observation in that 
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the percentage of surfaces colonized by fungi is much lower on the barked surfaces. 
According to Morgan (1965), the bark of Rhizophora sp. contains higher tannin 
content than that of the wood. Apart from tannin, Rao et al. (2005) and Marerro et al. 
(2006) also reported that numerous chemical constituents such as xanthones, 
palmitone and dimyristyl ketone have been recorded from the bark of Rhizophora sp. 
Melchor et al. (2001) also showed that the fresh bark of Rhizophora mangle 
exhibited antimicrobial effects against bacteria. While no previous studies have been 
done to show the direct effects of bark on the growth of fungi, it could be inferred 
that the chemical constituents and higher tannin content of Rhizophora bark could 
limit the growth of fungi and thereby limit the extent of fungal colonization of the 
substrata.  
 
Change of Fungal Flora with Duration of Submergence 
Numerous studies (Tan et al., 1989; Leong et al., 1991; Alias and Jones, 2000; 
Poonyth et al., 2001; Maria and Sridhar, 2003, 2004) have attempted to show that the 
shift in species composition and frequency of occurrence of fungi colonizing 
submerged wood with time of submersion demonstrated successive colonization by 
different fungi. Panebianco et al. (2002) attempted to demonstrate the effects of 
pre-inoculation of wood with selected fungi on fungal succession when the wood 
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was submerged in the sea. Their study was however, carried out in temperate water, 
and using balsa wood.  
 
In this study, for un-inoculated R. apiculata wood blocks submerged in the 
mangrove for 24 weeks, the sequence and timing of appearance of certain fungi on 
the wood blocks mirrored the observation reported by Leong et al. (1991) in another 
study conducted in the Mandai mangrove (Singapore). In the present study, L. laevis 
was an early colonizer, appearing on the wood blocks within the first 4 weeks of 
submersion. On the other hand, A. parvus was a late colonizer observed only after 20 
weeks of submersion. Both these fungi had earlier been had earlier been reported by 
Leong et al. (1991) as early and late colonizers, respectively. 
 
Apart from being an early colonizer, L. laevis was also a consistent fungus occurring 
frequently throughout the period of study, in high percentage species colonization 
(>10%) and again high number of fruit bodies produced. Pre-inoculating R. 
apiculata wood blocks with L. laevis did not change the profile of fungal 
colonization. L. laevis continued to be a common and abundant fungus forming a 
large number of fruit bodies. 
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In the case of R. apiculata blocks pre-inoculated with V. enalia, the inoculant species 
was consistently recorded in high percentage species colonization and high fruit 
body counts throughout the 24-week study. As with L. laevis, pre-inoculation with V. 
enalia did not markedly change the profile of fungal colonization throughout the 
study. The consistent presence of V. enalia in high percentages on the pre-inoculated 
blocks appeared to limit colonization by other fungi. V. enalia has been reported to 
be a very competitive fungus with high index of antagonism (Teng, 1993). Its 
dominant presence in the V. enalia-pre-inoculated wood complemented the work of 
Panebianco et al. (2002). Panebianco et al. (2002) demonstrated that pre-inoculation 
with highly competitive fungi, Halosphaeriopsis mediosetigera and Corollospora 
maritima on balsa wood led to the recovery of only the inoculant species for the first 
six months of submersion. They suggested that native fungi were inhibited from 
colonizing and sporulating on the wood blocks by the inoculant species, through 
interference competition.  
 
Interference competition is well-documented (Porter, 1924; Hulme and Shields, 1970, 
1972; Skidmore and Dickinson, 1976; Rayner and Todd, 1979; Wicklow, 1981; 
Lockwood, 1981), where a variety of organism sequestere biologically active 
metabolites to serve as chemical defence, exerting an effect on potential competition 
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(Gloer, 1995; Jensen et al., 1998), and according to Miller (2000), this form of 
microbial activity can be a major determinant of population structure in many 
terrestrial fungi. For the aquatic environment, Fisher and Aanson (1983) observed 
that the freshwater Ascomycete Massarina aquatica, growing on ash (one of its 
natural substrata), produced compounds inhibitory to a range of micro-organisms 
from its own habitat as well as terrestrial species. A number of marine fungi have 
also been shown to produce anti-microbial activity (Kupka et al., 1981; Abbanat et 
al., 1998; Albaugh et al., 1998; Biabani and Laatsch, 1998; Jones, 1998; 
Schlingmann et al., 1998). Strongmann et al. (1987) showed that Leptosphaeria 
oraemaris produced the sesquiterpene and culmorin, which had anti-fungal activity 
on certain marine fungi and concluded that it was interference competition evident in 
a lignicolous marine fungus. In the case of V. enalia, numerous bioactive metabolites 
were known to be produced (Lin et al., 2002). These metabolites have yet to be 
found associated with interference competition. However, from the results of this 
study using un-inoculated and pre-inoculated R. apiculata wood, interference 
competition by V. enalia is possible and further studies on its bioactive metabolites 
are needed.   
 
Unlike pre-inoculation with L. laevis and V. enalia, the pre-inoculation of R. 
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apiculata with A. chesapeakensis gave a profile of fungal colonization different from 
that of its un-inoculated control. A. chesapeakensis, which showed a high percentage 
occurrence in week 4, was displaced by L. laevis from week 8 onwards in the 
pre-inoculated blocks. Unlike pre-inoculation with L. laevis and V. enalia, where the 
inoculant species were consistently present with high species colonization and high 
fruit body counts throughout the study period, A. chesapeakensis declined sharply 
after week 8 to a negligible presence or was absent totally for the subsequent weeks. 
It is interesting to note that the shift in fungal flora beyond week 4 resembled to a 
large extent that observed on the un-inoculated blocks.  
 
Panebianco et al. (2002) had also noted that balsa blocks pre-inoculated with 
Ceriosporosis halima, an early colonizer in temperate marine environment (Jones, 
1963, 1968; Miller et al., 1985), showed a drastic drop in the presence of the 
inoculant species upon subsequent submersion. They also observed that the shift in 
fungal flora on balsa wood pre-inoculated with C. halima closely resembled that of 
un-inoculated blocks. They suggested that C. halima appeared unable to seriously 
challenge other native fungi establishing on the substrata on subsequent submersion. 
What was observed on R. apiculata blocks pre-inoculated with A. chesapeakensis in 
this study, appeared consistent with the findings of Panebianco et al. (2002). As 
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noted by Tan (2002), A. chesapeakensis is a commonly occurring fungus, frequently 
recorded from mangrove sites in Singapore. Quek (2003) also observed a high 
frequency of occurrence of A. chesapeakensis on debarked pneumatophores, 
suggesting that it is an opportunistic fungus that utilises any available substrata. 
These observed characteristics suggest that A. chesapeakensis is a good candidate as 
an early colonizer. The subsequent drastic decline of A. chesapeakensis after week 4 
suggested that it was unable to compete against the other native fungi colonizing the 
wood blocks on subsequent submersion. 
 
The number of species and profile of fungal colonization on un-inoculated S. 
caseolaris wood from that of R. apiculata. Notably, H. quadricornuta was the late 
colonizer on S. caseolaris instead of A. parvus seen on R. apiculata. The fungal 
colonization profile of S. caseolaris wood pre-inoculated with V. enalia was very 
similar to that of R. apiculata pre-inoculated with V. enalia. As with pre-inoculated R. 
apiculata wood, S. caseolaris wood pre-inoculated with V. enalia showed V. enalia 
to be consistently present in high percentages and with high counts of fruiting bodies 
throughout the period of study, while the other native species showed little or 
negligible presence. On the other hand, the inoculant species for S. caseolaris blocks 
pre-inoculated with A. chesapeakensis and L. laevis, showed declining presence of 
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these fungi over time and with the profile of the fungal flora closely resembling that 
of un-inoculated S. caseolaris wood. These differences when using A. 
chesapeakensis, L. laevis and V. enalia as inoculants could be attributed to the 
presence (or absence) of interference competition as discussed for R. apiculata 
wood.  
 
Lulwothia sp. were also present frequently in all treatments of R. apiculata and S. 
caseolaris wood. Lulworthia spp. have frequently been observed in the early stages 
of fungal succession studies (Tan et al., 1989; Leong et al., 1991; Alias and Jones, 
2000) and have high frequencies of occurrence on driftwood samples (Sarma and 
Hyde, 2001) in the tropics. As noted by Kohlmeyer (1979) and Kohlmeyer and 
Volkmann-Kohlmeyer (1991), the fungus Lulworthia includes species with 
ascospores ranging from 150 to 500 µm, that cannot be easily differentiated. Recent 
studies (Kohlmeyer et al., 2000; Campbell et al., 2005) utilized molecular 
techniques based on rDNA profile, to establish the Order Lulworthiales. While only 
five Lulworthia species are currently accepted within the order, molecular techniques 
could be further used to verify the identity of several other Lulworthia spp., 
conveniently grouped in numerous ecological studies under an all-encompassing 
taxon, “Lulworthia sp.” (Miller and Whitney, 1981; Tan et al., 1989; Hyde, 1999; 
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Leong et al., 1991; Kohlmeyer et al., 1995; Poonyth et al., 1999; Alias and Jones, 
2000; Poonyth et al., 2001; Maria and Sridhar, 2004). 
 
5.4.3 Other Considerations 
This study chose to focus on a shorter submersion period of 24 weeks, so as to 
include quantitative analyses of additional parameters, such as percentage species 
colonization and number of fruit bodies, not used by other similar studies (Tan et al., 
1989; Leong et al., 1991; Hyde, 1991; Kohlmeyer et al., 1995; Alias and Jones, 
2000).  
 
While numerous conclusions have been drawn with regards to the effects of 
pre-inoculation of selected species on mangrove wood, gaps still exist within this 
study. According to Hyde et al. (1990), bark was an important in determining the 
mycota present on R. apiculata. Young R. apiculata roots lacking bark were 
colonized by a different group of fungi than those surrounded by bark. Sarma and 
Hyde (2001) noted that samples with or without bark may influence the frequency of 
occurrence of fungi. This indicates that some fungi may preferentially develop on 
certain tissue types. Taking into account that this study examines two different 
surfaces of mangrove wood – one with bark intact and one without, it would be 
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prudent to evaluate the fungal flora recorded on each of the surfaces. The following 
section is thus dedicated in determining this. 
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6 MARINE FUNGI COLONIZING CUT AND BARK SURFACES OF R. 
APICULATA AND S. CASEOLARIS WOOD 
6.1 Aims and Objectives 
The mangrove wood pieces used for the submersion studies (refer to Section 5) 
offered two types of surfaces: two cut surfaces with debarked wood and one surface 
with bark intact (bark surface). This was similar to that used in studies by Leong et 
al. (1991). They noted that the majority of fungi recorded were found on the cut 
surfaces, rather than the bark surfaces of the submerged wood pieces. Unfortunately, 
apart from casual observation, they did not quantify and differentiate the fungal flora 
found in the presence or absence of bark in their submersion studies. Thus, by 
re-evaluating the data collated for Section 5, differentiating them into the two types 
of surfaces, this study provided information on marine fungal colonization on the cut 
and bark surfaces of R. apiculata and Sonneratia caseolaris test blocks, over a 
period of 24 weeks.  
 
In addition to the observations made on fungi colonizing the cut and bark surfaces of 
submerged wood blocks, a series of laboratory studies on the growth of selected 
mangrove fungi on media incorporating saw dust and ground bark of the two wood 
substrata (R. apiculata and S. caseolaris) was carried out. Five growth media 
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consisting of half-strength corn-meal agar (CMA), half-strength CMA with R. 
apiculata sawdust (CMA + RW), half-strength CMA with R. apiculata ground bark 
(CMA + RB), half-strength CMA with S. caseolaris saw dust (CMA + SW) and 
half-strength CMA with S. caseolaris ground bark (CMA + SB) were used. The aim 
of the investigation was to determine whether the nature of the wood material (with 
or without bark) affected the growth of these fungi. 
 
The aims of this study are as follow: 
1. to establish whether there are differences in the fungal flora found on cut and 
bark surfaces of the two mangrove wood substrata (R. apiculata and S. 
caseolaris) 
2. to establish the change of fungal flora on the two types of surface over 24 weeks; 
and 
3. to determine whether the nature of the substrata (wood and bark) affect the 
growth of mangrove fungi. 
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6.2 Fungal colonization on cut and bark surfaces of R. apiculata and S. 
caseolaris wood 
The list of fungal species, their percentage species colonization, average number of 
species recorded, average number of fruit bodies counted and percentage of wood 
surface colonization by at least one fungal taxon on the cut and bark surfaces of R. 
apiculata and S. caseolaris blocks, over the 24-week study, are presented in Tables 
27 to 30. The percentage species colonization shown are averages (with standard 
error noted) from six replicate blocks retrieved for each 4-weekly collection. The 
number of fruit bodies counted was represents the average of Ascomycetous fruit 
bodies counted on six replicate blocks retrieved per 4-weekly collection. 
 
6.2.1 Fungal colonization on cut and bark surfaces of R. apiculata wood 
(i) Cut surfaces of R. apiculata wood 
Fourteen fungal species were recorded on the cut surfaces of R. apiculata test blocks 
(Table 27). Of these, nine species were Ascomycetes and five were Hyphomycetes. 
The number of species recorded from each 4-weekly collection ranged from 5 (week 
16) to 9 (week 8), and an average of 6 ± 1 species was recorded over the 24-week 
study. The percentage of wood surface colonized by at least one fungal taxon ranged 
from 67 ± 6% (week 16) to 81 ± 5% (week 8). The average number of  
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Table 27 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species and fruit bodies 
on the cut surfaces of R. apiculata test blocks over 24 weeks.  
Species Colonization (%) 












Ascomycetes       










- 0.1 ± 
0.1 
- 
3 Aniptodera sp.1 - 0.2 ± 
0.2 
- - - - 
4 Halosarpheia marina  - - - - 0.1 ± 
0.1 
- 





























8 Savoryella paucispora  - 0.6 ± 
0.6 
- - - - 
9 Verruculina enalia  - - - 3.4 ± 
2.2 




      




- - - - 
11 Clavatospora bulbosa 0.9 ± 
0.9 
- - - - - 












13 Remicephala sphaerospora  - 0.2 ± 
0.2 
- - 0.2 ± 
0.2 
- 
14 Zalerion maritima  - 0.6 ± 
0.6 
- - - - 
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Number of species 6 9 4 5 8 5 
Average number of fungal species 
overall 24 weeks 
6 ± 1 
Percentage of surface with at least one 




























fruit bodies recorded fluctuated within the range of 323 ± 62 (week 20) to 687 ± 300 
(week 8), without any discernable trend. 
 
Three species, namely L. laevis, Lulworthia sp. and P. prolifica, were consistently 
recorded on the cut surface throughout the 24-week study. The majority of the fungi 
however, occurred sporadically or only once throughout the study. Among these, A. 
chesapeakensis and C. pygmea occurred only in the first half of the study (weeks 4 
to 12), while A. parvus, H. quadricornuta and V. enalia occurred only in the second 
half (weeks 16 to 24). The remaining six species occurred either sporadically (R. 
sphaerospora in weeks 8 and 20) or were recorded only once throughout the study 
(Aniptodera sp. 1 in week 8, H. marina in week 20, S. paucispora in week 8, C. 
bulbosa in week 4 and Z. maritima in week 8).  
 
In terms of percentage species colonization, L. laevis and P. prolifica consistently 
showed more than 10% colonization throughout the study. The percentage 
colonization for P. prolifica generally decreased from week 4 (63 ± 6%) to week 24 
(17 ± 2%). For L. laevis, the percentage increased to a peak of 53 ± 10% on week 12, 
before decreasing on subsequent collections.  
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A. parvus and A. chesapeakensis also showed more than 10% colonization on at least 
one 4-weekly collection in the study. In the case of A. chesapeakensis, the 
colonization was highest on week 4 (11 ± 4%). However, the percentage decreased 
sharply over the next 4 weeks (3 ± 2%) and was negligible or the fungus was totally 
absent for the subsequent weeks. A. parvus on the other hand, showed sharp increase 
in the percentage in the last 4 weeks of the study, from 11 ± 6% to 50 ± 9%. 
 
The majority of the fungi, namely Aniptodera sp.1, H. marina, H. quadricornuta, 
Lulworthia sp., S. paucispora, V. enalia, C. pygmea, C. bulbosa, R. sphaerospora 
and Z. maritime generally showed low or negligible species colonization.  
 
(ii)  Bark surfaces of R. apiculata wood 
Eleven fungal species were recorded on the bark surfaces of R. apiculata wood 
(Table 28). Of these, six were Ascomycetes and five were Hyphomycetes. The 
number of species recorded from each 4-weekly collection ranged from 2 (week 16) 
to 6 (week 24), giving an average of 4 ± 1 species over the 24-week study. The 
percentage of surface colonization by at least one fungal taxon was generally low for 
the first 16 weeks, ranging from 9 ± 8% (week 8) to 24 ± 13% (week 12), but 
showed a high 40 ± 32% on week 24. The average number of fruit bodies recorded  
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Table 28 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species and fruit bodies 
on the bark surfaces of R. apiculata test blocks over 24 weeks. 
Species colonization (%) 












Ascomycetes       
1 Aigialus parvus - - - - - 0.8 ± 
0.8 
2 Aniptodera chesapeakensis  0.2 ± 
0.2 
- - - - - 
3 Halosphaeria quadricornuta - - - - 0.4 ± 
0.4 
- 
















- - - 19.9 ± 
9.3 
6 Verruculina enalia  - - - - - 2.2 ± 
2.2 
Hyphomycetes       
7 Cirrenalia macrocephala  - - 0.2 ± 
0.2 
- - - 
8 Humicola alopallonella - - - - - 9.8 ± 
9.8 












10 Remicephala sphaerospora  - - 0.4 ± 
0.4 
- - - 
11 Zalerion varium - - 0.3 ± 
0.3 
- - - 
Number of species 4 3 5 2 3 6 
Average number of fungal species 
overall 24 weeks 
4 ± 1 
Percentage of surface with at least 






















was also low, fluctuating within the range of 2 ± 2 (week 8) to 117 ± 108 (week 16). 
 
Generally, most of the 11 species were poorly represented. Except for L. laevis, 
Lulworthia sp. and P. prolifica, the rest of the fungi were recorded only once. L. 
laevis and P. prolifica were recorded over the 24-week period, but it showed 
substantive percentage species colonization (of more than 10%) on only one (P. 
prolifica) or two (L. laevis) occasions. Lulworthia sp. was recorded on three 
occasions, but showed more than 10% species colonization on week 24 only. The 
majority of the fungal species, namely A. parvus, A. chesapeakensis, H. 
quadricornuta, V. enalia, C. macrocephala, H. alopallonella, R. sphaerospora and Z. 
varium, showed low or negligible species colonization.  
 
(iii)  Comparisons between cut and bark surfaces of R. apiculata wood 
A total of 14 fungal species were recorded on cut surface of R. apiculata test blocks 
(Table 27), as compared to the 11 found on the bark surfaces (Table 28). While the 
total number of species found on the two types of surface was comparable, the 
average number of species recorded on the cut surfaces (6 ± 1) was significantly 
higher than that of the bark surfaces (4 ± 1). The percentage of surface colonized by 
at least one fungal taxon was likewise significantly higher on the cut surfaces (range 
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between 67 ± 6% and 81 ± 5%) than the bark surfaces (range between 9 ± 8% and 40 
± 31%). The average number of fruit bodies recorded on the cut surfaces was also 
significantly higher on the cut surfaces (range between 323 ± 62 to 687 ± 300) than 
the bark surfaces (range between 2 ± 2 to 117 ± 108).  
 
Of the 17 species recorded from both types of surfaces, eight species were common 
to both cut and bark surfaces. These were A. parvus, A. chesapeakensis, H. 
quadricornuta, L. laevis, Lulworthia sp., V. enalia, P. prolifica and R. sphaerospora. 
Six species, namely Aniptodera sp. 1, H. marina, S. paucispora, C. pygmea, C. 
bulbosa and Z. maritima, were unique to cut surfaces, while three species, namely C. 
macrocephala, H. alopallonella and Z. varium were unique to bark surfaces. 
  
In terms of percentage species colonization, L. laevis and P. prolifica occurred 
consistently in high percentages (more than 10%) on the cut surfaces throughout the 
study period. The colonization of L. laevis on the bark surfaces was only high (more 
than 10%) on weeks 12 and 16. It is interesting to note that the high percentages seen 
on the bark surfaces coincided with the highest percentages of L. laevis colonization 
recorded on the cut surfaces. In the case of P. prolifica, high species colonization 
(more than 10%) on the bark surfaces was only recorded in week 8.  
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Although Lulworthia sp. was consistently recorded on the cut surfaces, its 
percentage species colonization was low or negligible throughout the study. On bark 
surfaces, Lulworthia sp. occurred sporadically on three occasions, but a high 
percentage species colonization of 10% was recorded on one occasion (week 24).  
 
 
6.2.2 Fungal colonization on cut and bark surfaces of S. caseolaris wood 
(i) Cut surfaces of S. caseolaris wood 
Twenty-five fungal species were recorded on the cut surfaces of S. caseolaris test 
blocks (Table 29), 18 of which were Ascomycetes and seven were Hyphomycetes 
and one producing only sclerocarps. The number of species observed increased from 
12 to 16 over the first 16 weeks, and then dropped to 14 species in week 24. An 
average of 14 ± 1 species was recorded over the 24-week study. The percentage 
surface colonization by at least one fungal taxon was high, ranging from 87 ± 4% 
(week 12) to 96 ± 1% (week 16). The average number of fruit bodies recorded 
generally increased with time of submergence, ranging from 738 ± 120 (week 8) to 
1451 ± 210 (week 24). 
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Table 29 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species and fruit bodies 
on the cut surfaces of S. caseolaris test blocks over 24 weeks.  
Species Colonization (%) 
S/N Taxa 









Ascomycetes       
1 Acrocordiopsis patili  0.1 
± 0.1 
- - - - - 
2 Aigialus parvus - - - - 0.1  
± 0.1 
- 











4 Aniptodera longispora 0.1 
± 0.1 
- - - - - 




















7 Aniptodera sp. 3 - - 0.7 
± 0.4 
- - 1.3 
± 1.3 
8 Halosarpheia fibrosa - 0.1  
± 0.1 
- - - - 










10 Halosarphea retorquens 0.8 
± 0.8 
- - - - - 



















13 Leptosphaeria australiensis - 1.1 
± 1.1 
- - 0.1 
± 0.1 
- 

























Species Colonization (%) 
S/N Taxa 





































Hyphomycetes       
19 Cirrenalia macrocephala 0.5 
± 0.5 
- - - - - 
20 Cirrenalia pygmea  - - - 0.6 
± 0.6 
- - 
































24 Zalerion maritima  - 1.2 
± 1.2 
- - 0.3 
± 0.3 
- 
25 Fungus forming sclerocarps - - - - 0.3 
± 0.3 
- 
Number of species 12 14 15 16 15 14 
Average number of fungal species 
overall 24 weeks 
14 ± 1 
Percentage of surface with at least 




















1383 ±  
89 
1397 ±  
238 




Throughout the 24-week study, five fungal species, Aniptodera sp. 1, L. laevis, 
Lulworthia sp., P. prolifica and R. sphaerospora, were consistently recorded on the 
cut surfaces. The majority of fungi occurred sporadically (e.g. A. chesapeakensis, 
Aniptodera sp. 2, Aniptodera sp. 3, H. marina, H. viscosa, H. quadricornuta, L. 
australiensis, S. lignicola, S. paucispora, V. enalia, H. alopallonella and Z. 
maritima) or only once (e.g. A. patili, A. parvus, A. longispora, H. fibrosa, H. 
retorquens, C. macrocephala, C. pygmea and the fungus producing only 
sclerocarps).  
 
In terms of percentage species colonization, L. laevis consistently showed more than 
10% colonization throughout the study. Its percentage generally increased from week 
4 (22 ± 3%) to week 8 (38 ± 8%), before decreasing to 14 ± 6% in week 24.  
 
Apart from L. laevis, seven species occurred in greater than 10% on at least one 
occasion. These were A. chesapeakensis, Aniptodera sp.1, H. marina, H. 
quadricornuta, Lulworthia sp., P. prolifica and R. sphaerospora. Of these, 
Lulworthia sp. and P. prolifica exceeded 10% species colonization on five occasions, 
R. sphaerospora four times, Aniptodera sp. 1 and H. quadricornuta thrice, H. marina 
twice and A. chesapeakensis once. Amongst these seven species, three (Aniptodera 
sp. 1, H. quadricornuta and Lulwothia sp.) showed generally increasing species 
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colonization with time of submergence, while two (A. chesapeakensis and P. 
prolifica) showed decreasing colonization with time. In the case of Lulworthia sp., 
the species colonization increased sharply for the first 8 weeks, from 4 ± 3% to 26 ± 
12%. On subsequent collections however, the occurrence of Lulworthia sp. remained 
relatively constant, fluctuating within 24 ± 7% (week 12) to 30 ± 8% (week 20). 
Aniptodera sp 1 and H. quadricornuta similarly showed sharp increases in 
percentage species colonization, especially in the second half of the study (weeks 16 
to 24). On the contrary, P. prolifica generally declined with time, the initially high 
species colonization in week 4 (49 ± 6 %) decreasing to 16 ± 6% in week 24. In the 
case of A. chesapeakensis, percentage species colonization was highest on week 4 
(54 ± 7%). It then decreased sharply over the next 4 weeks (3 ± 2%) and was 
negligible or the fungus became totally absent in the subsequent weeks. 
 
Although H. marina and R. sphaerospora showed more than 10% species 
colonization on at least two occasions in the study, the percentages fluctuated 
without any discernable pattern throughout the 24-week period. The remaining fungi, 
regardless of whether they occurred sporadically or were recorded once throughout 
the study, consistently showed low or negligible percentage species colonization.  
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(ii)  Bark surfaces of S. caseolaris wood 
The bark surfaces of S. caseolaris wood yielded 13 species (Table 30). These 
consisted of nine Ascomycetes and four Hyphomycetes. The number of species 
recorded from each 4-weekly collection generally increased over the period of 
submersion, from 4 (week 4) to 9 (week 24). The percentage of surface colonization 
by at least one fungal taxon, likewise, generally increased over time, from 6 ± 3% 
(week 8) to 31 ± 4% (week 24). Similarly, the average number of fruit bodies 
showed an increasing trend from 7 ± 6 (week 8) to 162 ± 39 (week 24). An average 
of 6.0 ± 0.8 species was recorded over the 24-week study.  
 
Seven of the 13 species recorded on the bark surfaces showed substantial percentage 
species colonization. Of these seven species, only Aniptodera sp. 1 and R. 
sphaerospora showed more than 10% species colonization on at least one occasion 
in the 24-week study. L. laevis and P. prolifica also showed about 9% colonization 
on week 20. The rest of fungi, consisting of A. chesapeakensis, H. marina, H. 
retorquens, H. quadricornuta, Lulworthia sp., S. lignicola, V. enalia, H. 
alopallonella and C. pygmea, generally showed low or negligible species 
colonization.  
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Table 30 List of fungal species, percentage of species colonization, percentage surface 
colonization by at least one fungal taxon, and the average number of species and fruit bodies 
on the bark surfaces of S. caseolaris test blocks over 24 weeks. 
Species Colonization (%) 
S/N Taxa 









Ascomycetes       






- - - 










4 Halosarphea retorquens - - - - 0.5 
± 0.5 
- 


























8 Savoryella lignicola - - - - - 0.2 
± 0.2 
9 Verruculina enalia  - - - - - 0.2 
± 0.2 
Hyphomycetes       
10 Cirrenalia pygmea  - - - 1.9 
± 1.9 
- - 
























Number of species 4 4 5 7 7 9 
Average number of fungal species 
overall 24 weeks 
6 ± 1 
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Percentage of surface with at least 

























 ± 39 
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 In terms of changes with time of submersion, the percentage of Aniptodera sp. 1 
and H. quadricornuta, generally increased from week 16 to 24. L. laevis, P. prolifica 
and R. sphaerospora on the other hand, showed percentages without any discernable 
trend. 
 
(iii)  Comparisons between cut and bark surfaces of S. caseolaris wood 
The 25 fungal species recorded on the cut surfaces of S. caseolaris wood (Table 29), 
was nearly twice that of 13 species found on the bark surface (Table 30). Similarly, 
the average number of species recorded on the cut surfaces (14 ± 1) was more than 
double that of the bark surfaces (6 ± 1). The percentage of surface colonized by at 
least one fungal taxon was likewise much higher on the cut surfaces (range between 
87 ± 4% to 96 ± 1%) than the bark surfaces (range between 6 ± 3% to 31 ± 4%). 
Also, the total number of fruit bodies recorded on the cut surfaces (range between 
738 ± 120 to 1451 ± 210) was as much as ten times that on the bark surfaces (range 
between 7 ± 6 to 162 ± 39).  
 
Among the 26 species recorded from both types of wood surface, 13 were common 
to both substrata. The 12 species unique to only the cut surfaces were A. patili, A. 
parvus, A. longistroris, Aniptodera sp. 2, Aniptodera sp. 3, H. fibrosa, H. viscosa, L. 
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austrialiensis, S. paucispora, C. macrocephala, Z. maritima and a fungus producing 
sclerocarps. On the contrary, none of the species recorded on the bark surfaces were 
unique.   
 
In terms of species colonization, L. laevis consistently showed more than 10% 
colonization on the cut surfaces throughout the study. Its percentage colonization on 
the bark surfaces was generally less than 10%. While the species colonization of L. 
laevis on the cut surfaces generally increased for the first 8 weeks and subsequently 
decreased over the next 16 weeks, its occurrence on the bark surfaces fluctuated 
without any discernable trend.  
 
In contrast to cut surfaces, which had eight species (A. chesapeakensis, Aniptodera 
sp.1, H. marina, H. quadricornuta, L. laevis, Lulworthia sp., P. prolifica and R. 
sphaerospora) showing at least 10% colonization on at least one occasion over the 
24-week study, only Aniptodera sp. 1 and R. sphaerospora showed more than 10% 
colonization on the bark surfaces on one or two occasions. It is interesting to note 
that on both types of surfaces, Aniptodera sp. 1 showed increasing species 
colonization with time of submersion. On the cut surfaces, its percentages increased 
from 4 ± 2% (week 12) to 28 ± 5% (week 16). On the bark surfaces, it increased 
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from 1 ± 1% (week 16) to 9 ± 4% (week 20).  
 
On both types of surfaces, R. sphaerospora showed fluctuating species colonization 
throughout the study. However, R. sphaerospora generally colonized to a greater 
extent on the cut surfaces (with more than 10% species colonization on four 





(i)  Diversity 
As reviewed by Jones (2000), factors that can affect the ecology of fungi colonizing 
wood in the marine environment include the availability of substrate and timber 
species examined, amongst others such as degree of exposure, physical and chemical 
factors, and environmental parameters. Although a significant volume of data is 
available on the colonization of wood by fungi in marine environments (Jones, 1963; 
Sanders and Anderson, 1979; Vrijmoed et al. 1986; Shearer and Zare-Maivan, 1988; 
Poonyth et al., 1999), little information is available on the effect of the presence and 
absence of bark on fungal colonization.  
 
Leong et al. (1991) noted in their study that the majority of fungi recorded were 
found on the cut surfaces of the submerged wood, rather than surfaces with bark 
intact. This study concurred with Leong et al.’s (1991) observations, in which a 
greater fungal diversity was recorded on the cut surfaces of both R. apiculata and S. 
caseolaris wood. This was especially so for S. caseolaris wood, where about twice 
as many species was recorded on the cut surfaces (25) than on the bark surfaces (13). 
Although the number of fungal species recorded on both the cut surfaces (14) and 
bark surfaces (11) of R. apiculata wood was comparable, the majority of the fungi 
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found on the bark surface showed low or negligible colonization.  
 
In another manglicolous fungal study, Hyde et al. (1990) showed that different flora 
colonized Rhizophora apiculata roots with bark, as compared to those without bark. 
They noted that young R. apiculata roots were colonized by Leptosphaeria sp., 
Lulworthia grandispora, Massarina ramunculicola, Phomopsis sp., and Rhizophila 
marina, while young roots lacking bark were colonized by a different group of fungi 
(Dactylospora haliotrepha, Phialophotophoma cf. litoralis, S. lignicola, V. enalia, L. 
australiensis, Xylomyces sp.). This study however, did not yield the same type of 
observations. With the exception of C. macrocephala, H. alopallonella and Z. 
varium, all fungal species recorded on bark surfaces on both mangrove woods were 
common to the cut surfaces. While C. macrocephala, H. alopallonella and Z. varium 
was only found on the bark surfaces of R. apiculata wood, they were only recorded 
once throughout the study, with negligible species colonization.  
 
It should be noted that while whole living R. apiculata root was used as the substrate 
in Hyde et al.’s (1990) study, the R. apiculata wood used in this study were sterilized 
(via autoclaving) before submersion in the mangrove environment. Although plant 
defenses against herbivory are well-documented for living plants (Stamp, 2003), 
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information on latent defense against fungal colonization is lacking. However, the 
possibility exists that the latent defenses against herbivory could also influence 
fungal colonization of the different parts of plant. Thus, the plant defenses present in 
the living R. apiculata root substrata may in turn offer a different environment for 
fungal colonization, as compared to sterilized wood (used in this study), where the 
plant defenses are absent. Furthermore, Tsuneda (1983) and Mouzouras (1989) have 
also reported that the autoclaving process alters the physical and chemical properties 
of the wood, thus rendering the nature of sterilized wood all the more different from 
living root substrata. Given these differences, it is not surprising that the 
observations made in this study did not correspond to Hyde et al.’s (1990).  
 
(ii)  Extent of Fungal Colonization of Cut and Bark Surfaces 
In their review on the frequency of occurrence in manglicolous fungal studies, Sarma 
and Hyde (2001) commented that samples with or without bark may influence the 
frequency of occurrence of fungi, indicating that some fungi may preferentially 
develop on certain tissue types. While frequency of occurrence was not recorded in 
this study, the parameters used (i.e. percentage of species colonization, percentage 
surface colonization by at least one fungal taxon, and the average number of species 
and fruit bodies on the surfaces of test blocks) provided an understanding of the 
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extent of fungal colonization on the two types of surfaces. This may give an 
indication of whether fungi colonize different types of tissues in different ways.  
 
Apart from the generally richer fungal diversity seen on the cut surfaces, the cut 
surfaces of both R. apiculata and S. caseolaris wood seemed to constitute a better 
substratum for colonization compared to bark surfaces. This is seen from the higher 
percentage of surface with at least one fungal taxon, as well as a significantly higher 
average number of species and fruit bodies recorded for the cut surfaces, as 
compared to bark surfaces. This, in part, concurred with Sarma and Hyde’s (2001) 
suggestion that fungi preferentially colonize certain tissue types. In this case, fungi 
preferred the tissues presented by the cut surfaces, as compared to those on bark 
surfaces.  
 
 (iii)  Factors Favouring Colonization of Cut Surfaces 
There could be several factors why cut surfaces supported better fungal colonization 
and have a greater diversity. These could include: (a) physical factor, (b) nutrient 
factor and (c) chemical factor.  
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(a) Physical Factor 
The constituents of both wood and bark are predominantly lignin and cellulose. 
However, it was noted by numerous authors (e.g. Logan and Thomas, 1985; Doster 
and Bostock, 1988; Wainhouse et al., 2004) that bark material of numerous plant 
species has higher lignin content than the wood. While the specific chemical data for 
the bark and wood materials of R. apiculata and S. caseolaris are lacking, studies on 
related Rhizophora and Sonneratia sp. (Morgan, 1965; Perry, 1980; Marerro et al., 
2006) concurred that bark material contain higher lignin content than the wood.  
 
In an experiment on the lignification of spruce tracheid secondary cell walls, Gindl 
et al. (2002) observed that an increase in lignin content contributed directly to the 
measured increase in hardness of the wood. Setua et al. (2000) have also noted that 
modified lignin has been found to produce superior wood hardness properties 
compared to phenolic resin. In this study, it was also noted that the bark material was 
harder than the wood. High lignin content could thus contribute to the superior 
hardness of the bark materials. The harder bark in turn could have been less 
susceptible to fungal growth and sporulation, resulting in lower fungal diversity and 
lesser extent of fungal colonization.  
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(b) Nutrient Factor 
Manglicolous fungi are capable of producing necessary enzymes to break down 
lignin and cellulose, in order to utilize a wide range of wood substrata (Meyers and 
Reynolds, 1959a, b, 1960; Meyers and Scott, 1968). However, fungi showed 
preferences in the types of substrata, as well as substrate availability in numerous 
studies (e.g. Hyde, 1990a, 1991, 1992, 1993; Hyde and Lee, 1995; Alias, 1996; 
Shearer, 1995; Hyde and Alias, 2000; Sarma and Hyde, 2001).  
 
As noted by Jones (2000) the availability of substrata is a significant factor behind 
fungal colonization of materials in a given environment. Leong et. al. (1991) noted 
that some fungi such as Halosarpheia minuta and Lulworthia spp. colonized the 
phloem, parenchyma and cambial cells of the R. apiculata wood, while their 
perithecial necks penetrated through the bark. This illustrated that the bark was 
probably limiting in nutrient factors, with no immediate substratum providing 
substrates for growth. Being limiting in nutrient factors, the bark surfaces thus 
showed a lower fungal diversity and extent of colonization. 
 
(c) Chemical Factor 
The chemical properties between cut and bark surfaces are also quite different. 
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According to Perry (1980), the bark of S. caseolaris contained a higher tannin content 
than its wood. While no information is available for R. apiculata bark, the bark of a 
related species, Rhizophora mangle, was found to contain up to 40% tannin (Morgan, 
1965). This was higher than the tannin content of R. apiculata wood, as reported by 
Allen et al. (1974).  Kraus et al. (2003) suggested that tannins may limit 
decomposition in five ways: (i) by themselves being resistant to decomposition, (ii) 
by sequestering proteins in protein-tannin complexes that are resistant to 
decomposition, (iii) by coating other compounds, such as cellulose, and protecting 
them from microbial attack, (iv) by direct toxicity to microbes, and (v) by complexing 
or deactivating microbial exoenzymes. 
 
Apart from tannin, numerous chemical constituents such as xanthone, lichixanthone 
along with atranorin, alpha-amyrin, beta-amyrin, palmitone, beta-sitosterol, 
dimyristyl ketone and beta-sitosterol glycoside have beem recorded from the bark of 
Rhizophora sp. (Rao et al., 2005). Melchor et al. (2001) have also showed that fresh 
R. mangle bark exhibited antimicrobial effects against bacteria such as Escherichia 
coli, Staphylococcus aureus, Enterobacter cloacae, Streptococcus pyogenes, 
Klebsiella pneumoniae, Proteus vulgaris, Salmonella enteritidi and Pseudomonas 
aeruginosa. These constituents apparently have marked effects, together with the high 
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tannin content found on the bark of the mangrove wood, in inhibiting the growth of 
micro-organisms. 
 
Although numerous studies have been done on Rhizophora sp., studies on 
Sonneratia sp. remain scarce. The main reason for the scarce literature on Sonneratia 
sp. is due to the greater economic importance of Rhizophora sp., which is often 
utilized for medicinal purposes (Marerro et al., 2006). Further information on the 
chemistry of Sonneratia sp. bark is necessary to account for the lower fungal 
diversity and lesser extent of fungal colonization recorded on the bark surfaces of S. 
caseolaris wood.  
 
In conclusion, the presence of bark severely affected the colonization of mangrove 
wood by marine fungi. Whether this was due to the physical factors or chemical 
factors has yet to be determined. A follow-up laboratory studies on the growth of 
marine fungi on media embedded with different wood material was conducted to 
address this.  
 
Based on this study, three species – A. chesapeakensis, L. laevis and A. parvus, were 
chosen for the growth study. These species were selected based on their high species 
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colonization recorded (more than 40%) on at least one of the surfaces. This would 
affirm that the presence of these species were not chance occurrence, but physically 
established on the wood on at least one of the retrieval. Growing these species on 
media enriched with bark and wood sawdust materials from R. apiculata and S. 
caseolaris wood, will provide a better understanding of the effects of such wood 








6.3 Laboratory Study on the Growth of Selected Mangrove Fungi on Agar 
Media 
By using agar media enriched with wood material originating from the two surfaces 
(sawdust and powdered bark), this laboratory study was set up to determine the role 
of nutrient and chemical composition of the different wood material in affecting the 
growth of three selected fungi: A. chesapeakensis, L. laevis and A. parvus. 
 
(A)   Results 
The growth of A. parvus, A. chesapeakensis and L. laevis on half-strength corn-meal 
agar enriched with sawdust and powdered bark materials from R. apiculata and S. 
caseolaris was evaluated in a series of laboratory growth experiments. The 
inoculated plates were monitored over 21 days. The colony radius was measured 
daily between days 4 and 21, and used as an indicator of growth on the agar plates. 
The results using R. apiculata and S. caseolaris materials are shown in Figure 1 and 
Figure 2, respectively.  
 
In Figure 1 (A), the growth of A. chesapeakensis, as represented by colony radius, 
increased readily with time on two media [half-strength corn meal agar (CMA) and 
half-strength corn meal agar with R. apiculata sawdust (CMA + RW)]. During the  
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Figure 1 Growth of (A) A. chesapeakensis, (B) L. laevis and (C) A. parvus on half-strength 
corn-meal agar (CMA), half-strength corn-meal agar enriched with R. apiculata sawdust 
(CMA + RW) and half-strength corn-meal agar enriched with R. apiculata powdered bark 
(CMA + RB). 
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first 7 days, the growth of A. chesapeakensis on half-strength corn meal agar and 
corn meal agar with sawdust was comparable. However, by 14 days, the growth of A. 
chesapeakensis on half-strength corn meal agar with sawdust (with colony radius at 
11 mm) was higher than that on half-strength corn meal agar (7 mm). By 21 days, 
the growth of A. chesapeakensis with colony radius of 18 mm on half-strength corn 
meal agar with sawdust was significantly higher than that on half-strength corn meal 
agar (radius of 12 mm).  
 
The growth of A. chesapeakensis on half-strength corn meal agar with powdered 
bark was the poorest of the three media. The colony radius growth was about 1 mm 
after 7 days, and this did not increase much by the 14
th
 day (2 mm) and 21
st
 day (4 
mm). 
 
In Figure 1(B), the growth of L. laevis on all three media was comparable during the 
first 7 days at about 0.3 mm. By 14 days, growth of L. laevis on half-strength corn 
meal agar was the highest with a colony radius of 1.6 mm. This was followed by 
growth on half-strength corn meal agar enriched with R. apiculata sawdust (1.1 mm) 
and on half-strength corn meal agar enriched with powdered bark (0.4 mm). By 21 
days, growth on half-strength corn meal agar was clearly the best with a radius of 4.2 
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mm. In contrast, the growth of half-strength corn meal agar enriched with sawdust 
(2.8 mm) and half-strength corn meal agar enriched with powdered bark (1.2 mm) 
were significantly lower. It should be noted that the the growth of L. laevis 
throughout the study period, on all media, was less than that for A. chesapeakensis 
and A. parvus. 
 
The growth of A. parvus on all three media was not significantly different 
throughout the experiment. However, the fungus seemed to grow better on 
half-strength corn meal agar for the first two weeks. For instance, by day 14, the 
growth on half-strength corn meal agar with colony radius of 6.5mm was slightly 
higher than the growth on half-strength corn meal agar with sawdust (5.7 mm) and 
half-strength corn meal agar with powdered bark (5.9 mm). By day 21, the growth 
on all three media remained comparable with a radius of 10.5mm on half-strength 
corn meal agar, 11.3 mm on half-strength corn meal agar enriched with sawdust and 
11.4 mm on half-strength corn meal agar enriched with powdered bark.  
 
In Figure 2 (A), the growth of A. chesapeakensis as represented by the colony radius 
on half-strength corn-meal agar and half-strength corn meal agar enriched with S. 
caseolaris sawdust was comparable, with radius of 2.8 mm and 2.5 mm respectively,  
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Figure 2 Growth of (A) A. chesapeakensis, (B) L. laevis and (C) A. parvus on half-strength 
corn-meal agar (CMA), half-strength corn-meal agar enriched with S. caseolaris sawdust 
(CMA + SW) and half-strength corn-meal agar enriched with S. caseolaris powdered bark 
(CMA + SB). 
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during the first seven days. No growth was recorded on half-strength corn meal agar 
enriched with powdered bark. By day 14, the growth of half-strength corn meal agar 
with sawdust (with radius of 10.8 mm) was better than on half-strength corn meal 
agar (7.0 mm). Growth started on half-strength corn-meal agar enriched with 
powdered bark, but it was significantly the poorest (1.4 mm) of the three media. By 
day 21, growth on half-strength corn meal agar enriched with sawdust was the best 
with a radius of 18.1 mm, followed by half-strength corn meal agar (12.0 mm) and 
the poor growth on half-strength corn meal agar with powdered bark (4.2 mm). The 
differences between the growths on all three treatments were significant.  
 
In Figure 2 (B), the growth of L. laevis on all three media was comparable during the 
first 7 days, with colony radii at about 0.3 mm. By 14 days, growth of L. laevis on 
half-strength corn meal agar was the highest with a radius of 1.6 mm. This was 
followed by growth on half-strength corn meal agar enriched with S. caseolaris 
sawdust (1.1 mm) and on half-strength corn meal agar enriched with powdered bark 
(0.8 mm). By 21 days, growth on half-strength corn meal agar was clearly the best 
with a colony radius of 4.2 mm. Growth on half-strength corn meal agar enriched 
with sawdust and half-strength corn meal agar enriched with powdered bark were 
comparable (2.5 mm) and much lower than that on half-strength corn meal agar. The 
differences in growth by 21 days were significant.  
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In Figure 2 (C), the growth of A. parvus readily increased throughout the 21 days. 
After day 7, the growth represented by a colony radius of 2.0 mm on half-strength 
corn meal agar was obtained, as compared to the 1.0 mm radius on both half-strength 
corn meal agar enriched with S. caseolaris materials. The trend was maintained 
through 14 to 21 days, although growth on half-strength corn meal agar enriched 
with sawdust was slightly higher than on half-strength corn meal agar enriched with 
powdered bark. By 21 days, the best growth of A. parvus was on half-strength corn 
meal agar (10.5 mm) followed by half-strength corn meal agar enriched with 
sawdust and half-strength corn meal agar enriched with powdered bark (colony radii 
of 9.6 mm and 9.4 mm, respectively).  
 
(B) Discussion 
Most fungi are capable of potentially indeterminate vegetative growth, and 
limitations on growth are largely imposed by environmental conditions (Cooke and 
Whipps, 1993). The effects of many exogenous factors, both singly and in 
combination, can be investigated relatively easily in the laboratory. For instance, 
Yang et al. (2004) demonstrated that the enrichment of agar media with white spruce 
and red maple bark extract adversely affected the growth rates for Aspergillus niger, 
Aureobasidium pullulans, Gloeophyllus trabeum and Ipex lactenus. Their studies 
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showed that certain substrata affected the behaviour and growth of selected fungi. 
This present study has also shown that A. chesapeakensis, L. laevis and A. parvus 
grew differently on same basic agar medium (half-strength corn-meal agar) that was 
enriched with sawdust or powdered bark of R. apiculata and S. caseolaris. 
 
(i)  Aniptodera chesapeakensis 
The growths of A. chesapeakensis on media enriched with sawdust and powdered 
bark of R. apiculata and S. caseolaris showed that for both wood species, A. 
chesapeakensis grew best on half-strength corn-meal agar enriched with sawdust and 
grew least on media supplemented with powdered bark.  
 
Addition of wood pieces in fungal cultures was often used to stimulate the formation 
of fruit bodies in laboratory conditions (e.g. Shearer and Miller, 1977). In this study, 
sporulation did not occur in any of the enriched media mainly due to the the short 
duration of study (21 days). Jones (2000) commented that wood pieces contained 
chemical cues and lignin content as additional constituents that could enhance or 
hindered the growth of fungi. The enhanced growths of A. chesapeakensis in media 
enriched with sawdust of both R. apiculata and S. caseolaris may indicate that either 
A. chesapeakensis was able of utilizing additional nutrients from sawdust (or the 
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wood material) or were affected by possible chemical cues present in the sawdust, 
thus resulting in a better enhanced growth as compared to that on half-strength 
corn-meal agar.  
 
As discussed earlier (section 6.2.3), the bark surface adversely affected fungal 
colonization either through physical, nutrient or chemical factor. The present study 
showed that A. chesapeakensis was sensitive to presence of bark materials present in 
the half-strength corn-meal agar. The lowered growth of A. chespeakensis in this 
case is primarily due to the chemical factor, presented by the presence of bark 
materials. These chemical factors could be tannin or other chemical constituents, e.g, 
xanthone and palmitone amongst others. The chemical factor of bark material was 
extensively discussed in section 6.2.3.  
 
It is interesting to note that the laboratory growth study with A. chesapeakensis on R. 
apiculata and S. caseolaris wood material complemented with the observations 
made in field study. In the field study, A. chesapeakensis colonize cut surfaces of R. 
apiculata for a large period of submersion (from week 4 to week 12) (Table 27), but 
was totally absent on the bark surfaces of R. apiculata, except for week 4 (Table 28). 
Moreover, the percentage species colonization for A. chesapeakensis was also higher 
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on cut surface as compared to the bark surface. 
 
Similarly, in the field study, A. chesapeakensis colonize cut surfaces of S. caseolaris 
for almost whole duration of the submersion study (weeks 4 to 20) (Table 29) but 
was less frequently observed on bark surface (weeks 4 to 12) (Table 30). This 
observation that the laboratory study complemented the field study provided more 
evidence that chemical factor present in the bark material is likely significant in 
adversely affecting fungal colonization in nature.  
 
(ii)  L. laevis 
L. laevis grew better on half-strength corn-meal agar and media supplemented with 
sawdust, than on media supplemented with bark in both cases (R. apiculata and S. 
caseolaris). Unlike A. chesapeakensis with enhanced growth in media enriched with 
sawdust, L. laevis was able to grow at a low level of nutrient provided by 
half-strength corn-meal agar in this laboratory study. Additional nutrients that may 
be obtained from wood materials may be useful to sustain its growth (as in the case 
of R. apiculata sawdust) but this may not always be necessary (as in the case of S. 
caseolaris sawdust). The present study also suggest that the generally large 
percentage species colonization of L. laevis on balsa, R. apiculata and S. caseolaris 
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wood (Table 1, 5 and 16) may be due to either low nutritious requirement of L. laevis 
or the ability of L. laevis to supplement its growth with other sources in the field.   
 
Similar to the growth of A. chesapeakensis, L .laevis is also sensitive to bark 
materials present in the media. L. laevis showed the least growth although provided 
with half-strength corn-meal agar in the presence of bark materials. This indicates 
that the chemicals present on bark materials affected the growth of L. laevis.  
 
The laboratory-based growth study of L. laevis on wood-enriched media also 
complemented the observation made in section 6.2. L. laevis was consistently 
present on cut surface of R. apiculata throughout the 24-week study (Table 27). 
Although this was also the case with bark surface of R. apiculata, the percentage 
species colonization of L. laevis on bark surface was low to negligible (Table 28) 
compared to cut surfaces (Table 27). Similar observations were made with cut and 
bark surfaces of S. caseolaris (Table 29 and 30). Again, this showed that the effects 
of bark in reducing colonization of wood by L. laevis may again be due to the 




(iii) A. parvus 
Growths of A. parvus on half-strength corn-meal agar, agar enriched with sawdust, 
and agar enriched with powdered bark were comparable for both R. apiculata and S. 
caseolaris. This showed that nutrients were necessary for growth of A. parvus, but 
nutrients present in the wood materials did not present appreciable or marked 
advantage for growth by A. parvus. One point was clear from the laboratory study: A. 
parvus was not distinctly sensitive to bark materials in both cases of R. apiculata and 
S. caseolaris. 
 
Although occurrences of A. parvus on cut and bark surfaces of R. apiculata seemed 
to suggest that the presence of bark may have same effects on the occurrence of the 
fungus, the effects are not so clear cut given that A. parvus only appeared on R. 
apiculata wood in the last 8 weeks (Table 27). The differences between its 
occurrences on cut and bark surfaces were seen over a period of 4 weeks only.  
 
In the case of S. caseolaris, A. parvus occurred negligibly only in week 20 on cut 
surface (Table 29) and was totally absent on bark surface (Table 30). This profile 
was again too limited for a comparison between cut and bark surfaces to be made. 
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Overall, the laboratory growth studies with A. chesapeakensis and L. laevis 
demonstrated that bark surface had an effect on fungal colonization of wood surfaces 
in the mangroves, and that this may be attributed to inhibitory chemicals that are 
known to be present in bark materials. As noted in the section 6.2.3, bark material 
contain higher tannin content and also a wide array of chemical constituents that 
prevented fungal growth. The study with A. parvus however, as inclusive but it 
showed that A. parvus was less sensitive to bark materials. This showed that 
different fungi may exhibit different levels of tolerance to chemical nature of 
substrata.  
 
The disparity of growth between media enriched with sawdust and powdered bark 
for both A. chesapeakensis and L. laevis back the previous deduction that chemical 
factor is indeed in play in preventing the growth and colonization of fungi.
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7. CONCLUSIONS 
This study of higher marine fungal interaction was undertaken to study the 
succession of higher marine fungi colonizing wood in situ, and to investigate the 
effects of pre-inoculation of wood substrata (with known fungi) on subsequent 
colonization by other fungi in situ. The study consisted of several approaches 
namely: (i) a preliminary study on the effects of pre-inoculation of balsa wood with V. 
enalia and (ii) a study on the effects of pre-inoculation of R. apiculata and S. 
caseolaris wood with A. chesapeakensis, L. laevis and V. enalia on subsequent 
colonization by other fungi in situ. Investigations on fungal flora recorded on cut and 
bark surfaces of R. apiculata and S. caseolaris wood, and the growth of A. 
chesapeakensis, L. laevis and A. parvus on agar media were also conducted. 
 
The preliminary study using balsa wood blocks yielded 15 species for 12-week 
submersion period. This was comparable with Leong’s (1987) study with other 
mangrove wood species for the same period of submersion, making balsa wood a 
viable alternative to natural wood species in future baiting experiments. 
 
Of the 15 species recorded, A. chesapeakensis, H. marina, L. laevis and Lulworthia 
sp. are frequently recorded, suggesting that they are common in the Lim Chu Kang 
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mangrove site. The comparable number of species, as well as the common species 
found at the site indicated that the common mangrove fungal species in this 
mangrove site have not changed at least over the last two decades 
 
Pre-inoculation of balsa wood with V. enalia impeded the subsequent colonization of 
other fungi in situ. When V. enalia was pre-inoculated onto the blocks, it had the 
capability to grow in an overwhelming manner and prevented other fungi from 
occurring.  
 
The next study first investigated the effects of different wood type (R. apiculata and 
S. caseolaris wood) in colonization by higher fungi in situ for 24-week submersion 
period. It was shown that S. caseolaris wood supported a richer fungal diversity (26 
species) than R. apiculata wood (17), with 11 species found only on S. caseolaris 
wood. This demonstrated that different wood types might support its own unique 
fungal flora. Fungal flora observed on S. caseolaris constitutes first such record of 
marine fungi associated with this wood.  
 
Apart from fungal flora diversity, the extent of fungal colonization was also greater 
on S. caseolaris than on R. apiculata. The wood profile of R. apiculata (higher 
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tannin content and durable characteristics) could account for this difference in fungal 
colonization.  
 
The effects of pre-inoculation both R. apiculata and S. caseolaris wood with A. 
chesapeakensis and L. laevis on subsequent colonization by other fungi in situ, 
yielded results that greatly deviate from wood pre-inoculated with V. enalia. 
Although pre-inoculation of both wood with A. chesapeakensis and L. laevis did not 
show pronounced impact on the extent of fungal colonization on both wood, fungal 
communities on the control and pre-inoculated blocks varied and changed within its 
observed range of species.   
 
On the other hand, pre-inoculation of both wood with V. enalia adversely affected 
the subsequent colonization by other fungi in situ. This was especially so for S. 
caseolaris wood as the total number of fungal species recorded was reduced by half 
(26 species on the control to 13 species on the pre-inoculated wood), an effect more 
pronounced than on R. apiculata wood (from 17 species on the control to 14 species 
on the pre-inoculated wood). This suggested that V. enalia is a strong competitor 
within fungal community, possibly by interference competition. 
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The influence of wood surfaces on the colonization of higher marine fungi was 
subsequently studied by analyzing the fungal colonization of cut and bark surfaces of 
wood. From this study, it may be concluded that cut surfaces of both R. apiculata 
and S. caseolaris wood supported more fungal colonization than that of bark 
surfaces. This was especially so for S. caseolaris wood, where about twice as many 
species was recorded on the cut surfaces (25) than on the bark surfaces (13). 
Although the number of fungal species recorded on both the cut surfaces (14) and 
bark surfaces (11) of R. apiculata wood was comparable, the majority of the fungi 
found on the bark surface showed low or negligible colonization.  
 
Apart from the generally richer fungal diversity seen on the cut surfaces, the cut 
surfaces of both R. apiculata and S. caseolaris wood seemed to constitute a better 
substratum for colonization compared to bark surfaces. This suggested that fungi 
preferentially colonize tissues presented by the cut surfaces, as compared to those on 
bark surfaces. The differing profile of the two surfaces of each wood could account 
for this. Bark materials are harder than the wood with higher lignin and tannin 
content than wood materials.  
 
A subsequent investigation on the growth of A. chesapeakensis, L. laevis and A. 
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parvus were carried out to determine the role of nutrient and chemical composition 
of the different wood material in affecting the growth of these fungi. In the presence 
of R. apiculata or S. caseolaris bark materials, A. chesapeakensis and L. laevis 
showed lowered growth as compared to media with or without the enrichment of 
sawdust of both wood. This suggested that A. chesapeakensis and L. laevis were 
sensitive to the chemical factors presented by bark materials, such as tannin or other 
chemical constituents like xanthone and palmitone.  
 
On the other hand, A. parvus was not distinctly sensitive to bark materials of both 
woods. This showed that different fungi may exhibit different levels of tolerance to 
chemical nature of substrata.  
 
The disparity of growth between media enriched with sawdust and powdered bark 
for both A. chesapeakensis and L. laevis suggested that chemical factor is probable in 
preventing colonization of fungal in general of bark surfaces of both R. apiculata 
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